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ABSTRACT 


The long-term (11 to 12 years) impact of grazing and pipeline nght-of-way 
(ROW) zone on plant community development was assessed in Dry Mixed Grass, Mixed 
Grass (Milo) and Fescue Grassland (Porcupine Hills) Ecoregions. Native and non-native 
seed mix influences on plant community development were assessed in Dry Mixed Grass 
Ecoregion. 

Grazed plots had significantly higher bare ground and lower crested wheatgrass 
cover than ungrazed plots. Grazing did not significantly impact plant community or soil 
properties. Trenching significantly increased rhizomatous grasses and ROW disturbance 
and generally reduced tufted grasses. Work zone soil had significantly higher penetration 
resistance than other zones. Bare ground was higher on disturbed zones than undisturbed 
prairie. At Milo, the trench had significantly higher biomass than other zones. Right-of- 
way did not affect animal use. Native seed mix established more successfully than 
dryland pasture mix. Seed mix did not significantly affect cover, animal use or 


productivity. 
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I. INTRODUCTION TO DISTURBANCE AND REVEGETATION 
ON RANGELAND ECOSYSTEMS 


1.0 BACKGROUND 


Gas pipelines cross much of Alberta, many of them constructed on native 
rangelands. Establishment and persistence of acceptable vegetation on these rangelands 
can be a challenge due to soil characteristics, disturbance effects, climate and grazing. 
Revegetation of native rangelands can be viewed as managed plant succession. Attempts 
are made to establish late seral stage plant communities in a relatively short time by 
planting specific species. Re-establishment of native plant species is becoming more 
important as native range is seen as an important resource for humans, wildlife and 
domestic animals. Often disturbances are seeded with non-native species, which differ 
from native species in their palatability, productivity, competitive ability and longevity. 
These differences can make reclaiming the pipeline rights-of-way (ROW) and managing 
the adjacent native rangeland difficult. 

In 1986, a long-term project was initiated by NOVA Gas Transmission Ltd. to 
monitor pipeline revegetation on native rangelands in southern Alberta. Two pipeline 
laterals crossing Dry Mixed Grass, Mixed Grass and Fescue Grassland Ecoregions were 
studied. The primary purpose of the research was to determine the impacts of native and 
non-native seeded pipeline zones on plant species composition, succession, biomass 
production and animal utilization. The seeded zones of the pipeline ROW were 
compared to native prairie. The study also determined impact of grazing on species 
composition and successional changes. 

In this chapter rangeland ecosystems in southern Alberta and successional 
theories are examined through a review of the effects of grazing and pipeline disturbance 
on grassland communities. Plant characteristics, role of propagule supply and functional 
groups potentially necessary in successful revegetation of rangeland communities are 
considered. This information helps explain why changes in rangeland ecosystems occur 
after pipeline construction and makes it possible to recommend more appropriate ways to 


construct and reclaim pipeline ROW on native rangelands in southern Alberta. 
2.0 RANGELAND ECOSYSTEMS IN SOUTHERN ALBERTA 


Rangeland is land unsuitable for cultivation because of physical limitations such 


as topography, climate or soils but provides forage or browse for animals (Holochek 
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1998). Rangelands include grasslands, forested areas, desert and tundra. Attempts to 
reconstruct native rangelands are often based on agronomic rather than ecological 
concepts. Allan (1988) states agronomic concepts are often inappropriate when the goal 
is to establish a stable, self-sustaining ecosystem that requires minimal inputs on arid or 
semi-arid lands. Seeding in rows, fertilizing or irrigating to re-establish vegetation on 
native rangelands are not representative of natural processes and may inhibit successful 
establishment of desirable plants (Allan 1988). 

Most grasslands in southern Alberta are defined by the dominance of herbaceous 
vegetation, since insufficient moisture can not support tree growth (Coupland and van 
Dyne 1979). Warm summers and cold winters characterize Alberta grasslands. 
Maximum precipitation occurs early in the growing season 1n June. Winter precipitation 
varies within the grassland ecoprovince (Strong and Leggat 1992). The driest (88 to 233 
mm of annual precipitation) and warmest region (mean summer temperature of 16.2 °C) 
of the province, the Dry Mixed Grass Ecoregion, occurs in the southeast (Strong and 
Leggat 1992). Soil development and plant species reflect severe summer moisture 
deficits. Topsoils are shallow, with low organic matter due to diminished vegetation 
production and slow root turnover. Wind erosion is common. The primary range types 
are Stipa-Bouteloua (needle grass-blue grama grass), Bouteloua-Stipa-Agropyron (blue 
grama grass-needle grass-wheat grass) and Stipa-Agropyron (needle grass-wheat grass) 
(Strong and Leggat 1992). 

North and west, the climate becomes less extreme in the Mixed Grass Ecoregion. 
Total summer precipitation is approximately 20 mm greater and summer temperature 1s 
approximately 1 °C lower than the Dry Mixed Grass. Winter temperatures are not as 
severe and there is deeper snow cover (Strong and Leggat 1992). These climatic 
differences, which decrease evapotranspiration and increase precipitation, result in more 
moisture for plant growth. Plant biomass (Smoliak 1956, Wroe et al. 1979) and soil 
organic matter (Canada Soil Survey Committee 1978) tends to be greater on Mixed Grass 
than Dry Mixed Grass. Stipa-Agropyron dominates much of the area, but xeric locations 
have vegetation more characteristic of the Dry Mixed Grass Ecoregion. Many of these 
grasslands are cultivated and are in permanent cereal crop or forage production. Those 
that remain native are due to limitations other than climate. Soils or topographical 
limitations are common and can cause problems with revegetation after disturbance. 

The Fescue Grassland Ecoregion lies west and north of the Mixed Grass 
Ecoregion. Climate is more moderate, with cooler summer temperatures and more 
summer and winter precipitation than both the Mixed and Dry Mixed Grass Ecoregions. 


Subhumid conditions created by the overlap of grassland and cordilleran climate 
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promotes the development of graminoid vegetation (Strong and Leggat 1992). These 
moist conditions encourage development of a Festuca-Danthonia (fescue-oatgrass) 
vegetation type (Moss and Campbell 1947, Strong and Leggat 1992). Topsoils are rich in 
organic matter due to high vegetation production and rapid root decomposition. Due to 
the fertile soils that developed in the Fescue Grassland, crops and forages cover areas 
suitable for cultivation. Native rangelands exist in areas of high elevation or 
topographical limitations. Moisture deficits are less severe and revegetation concerns are 
establishing suitable vegetation. Festuca-Danthonia range offers high protein, late 
season grazing for many ranchers. Invasion by non-native species is common and a 
concern in native areas since many non-native species (e.g. soft grasses) do not cure on 
the stem as well as the native hard grasses. Because of the high effective moisture found 


in this ecoregion, lack of disturbance results in an increase of woody vegetation. 
3.0 SUCCESSIONAL THEORIES 


Succession is the process of community change at a single location over time in 
the absence of disturbance (Luken 1990). Clements (1916) proposed vegetation was 
constantly changing, and like an organism, it reproduced, grew, matured and died. He 
postulated the most stable association 1s never in complete equilibrium nor is it free from 
disturbed areas in which secondary succession is occurring. Clements (1916) separated 
the successional process into nudation, migration, ecesis, competition, reaction and 
stabilization. His theory rested on the assumption that vegetation could be classified into 
formations representing a group of plant species acting as an organic entity. He believed 
all successional units within a region developed along a single linear path toward a single 
formation determined by climate. This is the monoclimax theory. 

While Clements theorized climate-controlled succession and plant communities 
were organic entities, other scientists questioned the narrowness of the monoclimax 
theory. By 1920, Gleason criticized the concept that a unit of vegetation was an organic 
unit and others did not accept the assumption that edaphic factors could not determine 
climax (Joyce 1993). Braun-Blanquet (1932) criticized Clements for not allowing 
adequate provision for a graduated scale for designating vegetation units of different 
degrees. He further commented the climax formation described by Clements and Weaver 
(1924) embraces several climax communities to which the term association is applied. 


Braun-Blanquet (1932) thought this term was poorly circumscribed, large and difficult to 
grasp. 
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By the mid 1950s, ecologists were beginning to test alternative theories (Joyce 
1993). Odum (1969) defined succession as an orderly and predictable process of 
community development that results from modifying the physical environment and 
culminates in a stabilized ecosystem in which maximum biomass and symbiotic function 
are maintained. Odum focused on succession involving a fundamental shift in energy 
flow as more energy is relegated to maintenance. He also identified biogeochemical 
cycling of major nutrients as important. Compared to developing ones, mature systems 
have a greater capacity to entrap and hold nutrients for cycling within the system (Odum 
1969). 

Connell and Slatyer (1977) proposed three mechanisms of succession. The 
facilitation model assumes that only certain early succession species are able to colonize 
a site in the conditions that occur immediately following a disturbance. This follows 
Clement’s theory that each successive wave of vegetation alters the environment to make 
it fit for the next plant community but unfit for the current one (Clements 1928). The 
tolerance model suggests species establish that can tolerate lower levels of resources than 
in the first model. The inhibition model relies on the theory that once species secure 
resources; they inhibit invasion of subsequent species or suppress growth of those already 
present. 

Grime (1977) classified external factors that limit plant biomass as stress or 
disturbance. He suggested succession be based on level of stress and disturbance. Of the 
four permutations of high/low stress and disturbance, only three present viable plant 
habitats for competitive plants (low stress and low disturbance), stress tolerant plants 
(high stress and low disturbance) and ruderal plants (low stress and high disturbance) 
leading to the intermediate disturbance hypothesis (IDH). 

Traditional successional theory supports the concept of community as an 
organism and the individuals and species within a community interact to increase one 
another’s potential for survival. Alternative theories indicate there are no discontinuities 
in vegetation, and plant communities exist on a continuum. Greig-Smith (1983) stated 
acceptance of the continuum theory does not lead to entire rejection of the organism 
concept of community. Plants could be grouped according to their ranges of tolerances, 
so total number of species could be arranged in a considerably smaller number of groups, 
with each group having more or less well-defined boundaries. Comparing the three 
succession models by Gitay and Wilson (1995) indicates that the three-phase model 
(pioneer, building and mature) suggested by Greig-Smith, fits better than the gradient-in- 


time model and the competitive-sorting model, in post-fire changes in tall tussock 
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grassland. There is still ample debate on the reason for and direction of succession after a 


disturbance. 
4.0 DISTURBANCE 


Disturbance is defined as a variation in some factor in an ecosystem beyond the 
normal range of variation, resulting in a change in the ecosystem (Kaufman and Franz 
1993). While Kaufman and Franz do not indicate what constitutes change, Smith (1996) 
indicates disturbance is any physical force, such as fire, wind, flood, extremely cold 
temperature or epidemic, that damages natural systems and results in the mortality of 
organisms or loss of biomass. The most important disturbances affecting species 


composition on grasslands are fire, climate and herbivory (Coupland et al. 1960). 
4.1 Grazing 


Grazing 1s a biotic disturbance. Palatability, morphology, phenological stage, 
grazing history, intensity of grazing and competition from other plants all affect 
individual plant response (Holochek 1998, Kerr et al. 1993). Plant recovery from grazing 
depends on its ability to re-establish photosynthetic tissue and retain its competitive 
position in the plant community (Kerr et al. 1993). Light to moderate grazing can 
increase tillering and photosynthesis as well as help disperse seed (Holochek 1998). It 
aids in the removal of older tissue thus increasing available light to lower, young tissue. 
Removal of excess litter also aids in establishing seedlings. Gross (1984) determined 
dense litter was detrimental to the establishment of small seeded species with spreading 
growth forms. There is also the added benefit of recycling nutrients contained in animal 
wastes and accelerating decadent forage breakdown by trampling (Kerr et al. 1993). 

While there are many benefits to grazing, overgrazing can decrease plant vigour 
and density and carbohydrate reserves (Holochek 1998). Vallentine (1990) and Crider 
(1955) state overgrazing can reduce root mass. Root reduction leads to susceptibility to 
environmental stresses, such as temperature extremes and lack of soil moisture. Naeth et 
al. (1990) concluded heavy grazing increases soil surface bulk density and penetration 
resistance, which in turn, decreases soil water in the root zone in Mixed Grass Prairie 
(Naeth et al. 1991). Grazing affects soil water; treading alters infiltration rates and 
defoliation reduces evapotranspiration (Naeth and Chanasyk 1995). While Naeth and 
Chanasyk (1995) found little difference between type of grazing regime (i.e. heavy 
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rotational vs. heavy continuous), they concluded that maintenance of vegetation cover 
allows snowmelt infiltration, which is critical for soil water recharge in Fescue Grassland. 

Generally, as grazing pressure increases, less palatable species in the plant 
community increase and species composition shifts from taller to shorter plants. Moss 
and Campbell (1947), Looman (1969) and Willms et al. (1985, 1986) all noted shifts in 
Fescue Grassland away from rough fescue and oat grass to less palatable forbs, sedges 
and invader species. Puerto et al. (1990) noted the great diversity in oligotrophic and 
very oligotrophic pastures; these pastures also marked the transition between high and 
low grazing pressure. Green and Kaufmann (1995) showed similar results in riparian 
grassland: ungrazed dry and moist meadows had significantly lower species richness and 
diversity compared to grazed counterparts. In heavily grazed communities, competitive 
ruderal species were favored while in exclosures, competitive or competitive stress- 
tolerant species dominated (Green and Kaufmann 1995). 

Puerto et al. (1990) found palatability of initial species did not affect plant 
diversity. Increased diversity, resulting from preferential consumption of palatable, 
dominant species, was usually limited to conditions of moderate grazing. Gibson and 
Brown (1991) found sheep grazing for short periods enhanced appearances of both short- 
lived and perennial plants early in a six-year study. Perennial species’ disappearances 
were relatively constant with time and grazing and stocking rate, but perennials 
disappeared more from spring and autumn grazed areas than from other treatments. The 
spring and fall grazed areas had the highest species richness, suggesting that grazing 
treatment had relatively little effect on the relationship between species number and 
diversity. Samuel and Hart (1994) found little difference in diversity between moderately 
grazed and ungrazed areas 10 to 20 years after cultivation on Wyoming High Plains. 


They also noted soils and precipitation affected species composition. 
4.2 Pipeline Disturbance 


Plant communities subjected to small size anthropogenic disturbances can return 
to an equilibrium state similar to predisturbed conditions (Zink et al. 1995). 
Unfortunately, larger disturbances have a profound effect on existing and future plant 
communities. The obvious effect is the physical absence of vegetation after disturbance. 
In appearance, this is the most dramatic, but lack of vegetation can be rectified by 
planting new plant species. Zink et al. (1995) indicate pipeline disturbance may provide 
an invasion pathway for non-native species that have established elsewhere in the 


community. Thus, successional progression towards predisturbed conditions may not 
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necessarily occur. In a southern California ecological reserve, Zink et al. (1995) found 
that 10 years after disturbance, the pipeline ROW was still dominated by non-native 
annuals commonly found in the adjoining urban and agricultural areas. 

The most significant changes affecting pipeline revegetation occur in soils and 
hydrology (Naeth 1985). Pipeline construction commonly decreases topsoil thickness 
and organic matter and increases soil bulk density in the work and spoil zones due to 
mixing of topsoil and subsoil (Naeth 1985). Naeth, in a study of pipelines constructed 
from 1957 to 1981 in southeastern Alberta, noted the increase in density was most 
pronounced in surface soil; changes in density with depth persisted over time but surface 
bulk densities decreased within ten years. Naeth et al. (1987) observed there was greater 
amelioration of chemical than physical changes over time. The time needed for a soil to 
return to a physical and chemical state similar to predisturbed conditions is unknown. 
Dormaar and Smoliak (1985) and Whitman et al. (1943) estimated it to be 50 years, while 
Naeth et al. (1987) estimated 50 years would only restore half the lost organic matter. 

The pipeline ROW can disrupt hydrological processes. Ditching may enhance 
infiltration over the trench area, though water-holding capacity and hydraulic 
conductivity tends to decrease after pipeline construction (Culley et al. 1981, Naeth 
1985). Work done by Naeth et al. (1988) in the Mixed Grass Prairie, indicates soil water 
regimes tend toward undisturbed conditions in pipelines that are ten years or older. In 
severe cases of soil compaction, groundwater flow regimes may be altered (Kerr et al. 
1993). Compaction will also reduce infiltration, which can lead to an increase in surface 
runoff and reduction of soil moisture. Loss of litter in the disturbed area will also affect 
soil-water interactions. Litter helps conserve moisture by insulating the soil against solar 
radiation, thus reducing temperature, light and evaporation at the soil surface (Naeth 
1988, Willms et al. 1986). 


5.0 REVEGETION 


Plant characteristics affect revegetation success. Understanding how plants 
compete, grow and reproduce allows predictions about what will happen after a 
disturbance. What grows depends heavily on available seeds and vegetative propagules. 
The following is a discussion on the role of niches, competition, functional groups and 


propagule supply on revegetation of disturbed areas. 
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5.1 Plant Characteristics: Importance of Niche and Competition 


While all autotrophic terrestrial plants use the same resources: sunlight, soil 
water, carbon dioxide and mineral nutrients in the soil, not all of them are successful at 
long-term establishment. Some species are able to establish and maintain their existence 
more effectively than others. Is it due to an inherent quality they have or just by chance 
they were in the right place at the right time? A number of individuals have studied why 
species differ in their ability to become established after disturbance. 

Connell (1978) stated community diversity is a result of equilibrial or 
nonequilibrial processes. Equilibrium theories assume plants order themselves according 
to inherent attributes or niches. Species differ in their optimal and tolerable responses to 
factors important to survival and hence, have different niches. Plants survive and prosper 
at sites where they are competitively superior to other species in the acquisition of one or 
more resources (Burton et al. 1988). Competition for resources, between two or more 
species, 1s defined by the amount of niche overlap. Species sharing the same niche will 
likely be interacting in the same space and time. 

Equilibrial theory predicts the best competitor for a single limiting resource will 
displace all other species from a habitat despite their initial densities. Many long-term 
garden experiments strongly support this theory (Tilman 1994). If this is the case, then 
why do many species co-exist with competitive plants? An example of this is the 
presence of little bluestem (Schizachyrium scoparium (Michx.) Nees), a fierce nitrogen 
competitor, with more than 100 species in native prairie (Tilman 1994). Building on 
models developed by Levins, Hastings and Nee and May, Tilman (1994) theorized 
species can co-exist if appropriate two-way or three-way trade-offs occur among 
competitive ability, colonization ability and longevity. Using spatial competition models, 
Tilman concluded there is no limit to species richness in a spatially subdivided habitat 
with a single limiting resource. 

This is contrary to research by Epp and Aarssen (1989) and Grime (1973). They 
developed the competitive index, which is made up of measured plant attributes that 
include seed weight, emergence time, plant height and lateral spread. Both concluded 
species with higher competitive indices may cause local suppression or exclusion of 
species with lower competitive indices. Epp and Aarssen found patterns were most 
noticeable at the smallest spatial scale of 1 m’ and early stage attributes, such as seed 
weight, affected the relationship in recently established communities. In older 
communities, late stage attributes related to competitive ability affected the relationship. 


Nonequilibrial theory places importance on randomness of interactions among 
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species and on disturbance at different scales (Hubbell 1979, Pickett and White 1985). 
According to this theory, persistence of a species in a community depends on its ability 
either to resist displacement by disturbance or to take advantage of space vacated by 
disturbance. Once established, plants are difficult to displace and squatter’s rights (i.e. 
ecological inertia) of site occupancy often prevail over competitive ability. 

Work done by Coffin et al. (1996), on old-field Shortgrass Prairie, indicates 
establishment of grasses is highly variable depending on disturbance conditions, 
management practices over time and fine-scale climate. Walker and Koen (1995) found 
total plant cover as high or higher on a pipeline ROW, compared to adjacent undisturbed 
areas four years after construction. This cover was mostly due to increased forbs. They 
also noted yearly variation in precipitation and competition from previously established 
plants greatly affected species composition. A study in Grand Teton National Park 
showed that sites heavily disturbed by cultivation were virtually covered with non-native 
aggressive grass species (McArthur et al. 1995). The researchers concluded movement 
towards the predisturbed vegetation could take centuries or could not occur at all without 


human intervention. 
5.2 Functional Groups 


Several researchers (Naeem and Li 1997, Tilman et al. 1996, Sankaran and 
McNaughton 1999) state biodiversity influences ecosystem productivity, sustainability 
and stability (the diversity-stability hypothesis). Other studies indicate ecosystems with 
high species richness are not always the most productive. Grime (1997) points out 
species-poor communities, such as the boreal forest and bogs, have high productivity. 
Tilman et al. (1997) concluded functional diversity has a greater impact on ecosystem 
processes than does species diversity. Friedel et al. (1988) hypothesized each species 
may not have an essential role in a community and groups of species may have similar 
functions. These groups of species are defined as functional groups and species within a 
group could be considered redundant (Walker 1995). Tilman and Downing (1994) 
indicate the effects of biodiversity level off at ten species, while others have determined 
little is gained from more than five species in an agronomic plant community (Baskin 
1994). Research in the Aspen Parkland of Alberta could neither support nor refute that 
diverse plant communities have better cover or are more resistant to weed invasion (Bush 
1998). Bush’s work emphasizes the importance of site heterogeneity, seeding rates and 


influence of individual species on community development. 
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In moving from a community defined by species diversity to functional diversity, 
classifying species according to functional group has to assume a relationship between 
function and plant form such as physiology, life history or reproductive strategy. 
Determining characteristics necessary for the movement of energy and matter and for 
growth and change is difficult (Solbrig 1993). On Tallgrass Prairie, Jackson (1980) 
determined the plant community had at least one species from each of four functional 
groups: warm season grass, cool season grass, legume and composite. He concluded a 
stable ecosystem should have at minimum, these four components. Tilman et al. (1997) 
defined five functional groups, the same four as Jackson, but added woody plants. 
Hooper and Vitousek (1997) only used four groups, but defined them differently than 
Jackson and Tilman, using early and late season annuals, perennial bunchgrasses and 
nitrogen fixers. Solbrig (1993) cautions use of functional diversity, stating criteria for 
determination is arbitrarily set and plants may not stay within the same functional group, 
making determination of functional groups subjective. 

Laycock (1991) suggested methods of reproduction of species affect revegetation 
of disturbed shortgrass steppe vegetation. Laycock concluded blue grama had not re- 
established in an area surrounded by blue grama because there was insufficient 
precipitation for plants to reproduce. Blue grama reproduces primarily by vegetative 
means, and restrictive moisture and temperature conditions can decrease germination and 
adventitious root development (Laycock 1991). Clonal growth makes it possible for a 
species to rapidly colonize available space. A ten-year study by Prach and Pysek (1994) 
studied clonal plant development and its relationship to soil conditions at 15 different 
sites. They found total cover of clonal plants increased from the onset of succession to a 
maximum value and then decreased in the majority of environments. Cover of clonal 
plants increased with soil moisture conditions, but was not significantly affected by soil 
nitrogen. Clonal plants had slower and less successful performance on drier sites due to 
annuals and biennials dominating dry sites early. While they found clonal plants did not 
do well under water stress conditions, Callaghan et al. (1992) observed that parent plants 
can support young ramets, thus buffering spatial heterogeneity of habitat and localized 


disturbance. 
5.3 The Role of Propagule Supply 
After pipeline disturbance, the vegetation that develops depends to a considerable 


extent on which species are represented in the seed bank and on their germination 


requirements. Gibson and Brown (1991) found most differences between species and 
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rate at which they appeared were due to composition of the seed bank formed after 
abandoning cultivation of the field. In long-term studies on the Wyoming High Plains, 
Samuel and Hart (1994) concluded many species, regardless of seral stage in which they 
occur naturally, establish early on disturbed sites provided an adequate supply of seed or 
vegetative propagules were present. 

Levassor et al. (1990) found the number of species and the density of buried seeds 
increased with successional age from zero to four years, then decreased until a constant 
was reached after nine years. The greatest seed diversity was found at intermediate levels 
of disturbance, and there was a dramatic decrease in seed diversity at high disturbance 
levels. Research on long-term, grazed fescue grassland found an increase in seeds in the 
seed bank from ungrazed to heavily grazed areas (Willms and Quinton 1995). Willms 
and Quinton also concluded from seed bank analysis, that increasing grazing disturbance 
in the fescue prairie will likely lead to a seral community dominated by annual forbs and 
invasive perennials (e.g. bluegrass) rather than a rough fescue dominated grassland. 

Primary succession of lake islands in Sweden found similarity between seed bank 
and vegetation decreased with an increase in successional age (Grandin 1998). The same 
research showed 100 years of primary succession was not long enough for exhaustion of 
early successional species from the seed bank. Kotanen (1996) indicated soil 
disturbances differ spatially or temporally from one another, with recolonization by 
different propagule pools leading to initially different successional paths. 

There is limited information published on external seed supply and its effect on 
plant community development. Research in the Aspen Parkland of central Alberta 
indicates seeded species, specifically slender wheat grass (Agropyron trachycaulum 
(Link) Malte) and awned wheat grass (Agropyron trachycaulum var. unilaterale 
(Cassidy) Malte), can be aggressive and establish quickly in the first two years after 
seeding (Bush 1998). In the same research, wild buckwheat (Polygonum convolvulus L.), 
which was a seed bank species, had a tremendous effect on the plant community by out- 
competing seeded species in the first year. Many of the seeded species that initially 
germinated, died due to lack of sunlight getting through the thick wild buckwheat 
canopy. In the following year, wild buckwheat cover was greatly diminished and seeded 
species that had been able to survive and ones that germinated in the second year were 
able to establish. However, even though seeded species were starting to establish, the 
dominant plant in the second year was pasture sage (Artemisia frigida Willd.), an 
unseeded species. Bush (1998) concluded that what you seed is not what you get. Site 
heterogeneity, community composition and interactions, disturbance and individual 


species are all factors that influence the development of the plant community. 
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6.0 RESEARCH OBJECTIVES 


Little work is published on early succession in grasslands of the Mixed Grass, Dry 
Mixed Grass and the Fescue Grasslands of Alberta. The uniqueness of pipeline 
disturbance makes application of successional changes caused by grazing or agricultural 
practices impractical. Presently, most of the literature focuses on changes with grazing 
and on areas of agricultural disturbance. Linearity of a pipeline also makes invasion by 
native species more probable, depending on the type of species seeded. Research on 
effectiveness of seeding species to advance successional stages is sparse. Comparison of 
seeded species and desired endpoint is not addressed adequately in the literature. The 
long-term nature of this project makes it possible to determine changes in species 
composition over time. The objectives of this research were: 
. To determine the impact of grazing and pipeline ROW zone on the vegetation and 
soil components of native rangeland 11 to 12 years after construction, 
: To determine plant community development over a 12-year period on pipeline 
ROW zones and grazing treatments, and 
° To determine the long-term influence of seed mix on plant community development 


and reclamation success after pipeline construction. 
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II. IMPACT OF GRAZING AND RIGHT-OF-WAY ZONE ON NATIVE 
RANGELAND 11 TO 12 YEARS AFTER PIPELINE CONSTRUCTION IN 
SOUTHERN ALBERTA 


1.0 INTRODUCTION 


There are over 276,000 km of pipeline in Alberta (Alberta Ministry of Resource 
Development 2000). A number of these are located in southern Alberta, many on native 
rangelands. In the last decade, there has been a shift from using non-native to native 
species for maintaining the long-term integrity of these rangelands after disturbance. 
Reclaiming the pipeline rights-of-way (ROW) to a functional plant community can be a 
challenge. Because of construction techniques, each ROW zone has its own unique 
characteristics. Grazing after disturbance and during the reclamation process can further 
affect revegetation. 

Moss and Campbell (1947), Looman (1969) and Willms et al. (1985, 1986) found 
shifts in fescue grassland away from rough fescue and oat grass to less palatable forbs, 
sedges and invaders with grazing. In Dry Mixed Grass Prairie, grass and forb yield 
decreased with increased years of litter removal (Willms et al. 1986). Blue grama grass 
(Bouteloua gracilis (HBK) Lag.) decreased viable seed production and increased 
vegetative spread with grazing in semi-arid rangeland (Coffin et al. 1998). Naeth et al. 
(1991a) found grazing did not affect amount of live vegetation in Mixed Grass Prairie, 
and was highest in light to moderate grazing in fescue grassland. Grass yield remained 
constant while forb yield increased with number of years of litter removal (Willms et al. 
1986). Puerto et al. (1990) concluded the highest diversity occurred in oligotrophic and 
very oligotrophic pastures that also marked the transition between high and low grazing 
pressure. Green and Kaufmann (1995) found similar results in riparian grassland. In 
heavily grazed communities ruderal species were favored while in exclosures, 
competitive and competitive stress-tolerant species dominated (Green and Kaufmann 
1995). While much research indicates a shift away from native, non-ruderal species, 
grazing response was not always consistent. Stohlgren et al. (1999) found few plant 
species with consistent directional response to grazing and grazing had little effect on 
native species richness at landscape scales in Rocky Mountain grasslands. 

Plant recovery from grazing depends on its ability to re-establish photosynthetic 
tissue and retain its competitive position in the plant community (Kerr et al. 1993). Light 
to moderate grazing can increase tillering and photosynthesis and help disperse seed 
(Archer and Pyke 1991, Belsky 1986, Willms et al. 1986). It aids in the removal of older 
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tissue thus increasing available light to lower, younger tissue. Removal of excess litter 
aids in the establishment of seedlings (Gross 1984). There is also the added benefit of 
recycling nutrients contained in animal wastes and accelerating decadent forage 
breakdown by trampling (Kerr et al. 1993). 

Overgrazing can decrease plant vigour, density, carbohydrate reserve and root 
mass (Coffin et al. 1998, Crider 1955). Naeth et al. (1990, 1991b) concluded heavy 
grazing increased surface soil bulk density and penetration resistance, which decreased 
soil water in the root zone in Mixed Grass Prairie andFescue Grassland. Treading altered 
infiltration and defoliation reduced evapotranspiration rates, which in turn affected the 
soil (Naeth and Chanasyk 1995). 

The most significant changes affecting revegetation after pipeline construction 
occur in soil and hydrologic properties (Naeth 1985). The type of disturbance in each 
ROW zone is also unique in its effect on soil characteristics. In the Mixed Grass 
Ecoregion in southern Alberta, soil bulk density was higher on work and spoil areas and 
lower on trench areas of the ROW (Naeth 1985). Topsoil thickness and organic matter 
decreased (Naeth 1985). Hydrologic processes were disrupted in the construction zone. 
Ditching enhanced infiltration over the trench area, though water holding capacity and 
hydraulic conductivity decreased after pipeline construction (Culley et al. 1981, Naeth 
1985). Compaction in the construction zone reduced infiltration, which increased surface 
runoff and reduced soil moisture (Kerr et al. 1993). Loss of litter in the disturbed area 
increased surface soil temperature and evaporation at the soil surface (Naeth 1988, 
Willms et al. 1986). Soils are predicted to take in excess of 50 years to return to 
predisturbed conditions (Dormaar and Smoliak 1985, Naeth et al. 1987, Whitman et al. 
1943). Thus, grazing and pipeline ROW construction itself have the potential to cause 
problems when revegetating. 

Large anthropogenic disturbances have a profound effect on existing and future 
plant communities. Zink et al. (1995) indicated pipeline corridor disturbances provide an 
invasion pathway for non-native species that have established elsewhere in the 
community thus, succession towards predisturbed conditions may not occur. While some 
research has focused on soil characteristics of pipeline disturbance, not as much has been 
done on plant community development. Work completed by Naeth was limited to the 
Mixed Grass Ecoregion. This research encompasses plant communities located in the 


Mixed Grass, Dry Mixed Grass and Fescue Grasslands Ecoregions of southern Alberta. 
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2.0 OBJECTIVES 


The objectives of this study were to assess impacts of grazing and ROW zone on 
revegetation (plant density, cover, community composition, ground cover), to assess soil 
factors affecting revegetation (water holding capacity, texture, surface bulk density, 
penetration resistance, organic matter, pH, electrical conductivity) and to assess impacts 
of ROW zone on cattle utilization and litter biomass accumulation on a pipeline ROW in 


native rangeland. 
3.0 MATERIALS AND METHODS 
3.1 History of the Project 


In 1986, a long-term project was initiated by NOVA Gas Transmission Ltd. to 
monitor revegetation of pipeline ROW on native rangelands in southern Alberta. Two 
natural gas pipeline laterals (Milo and Porcupine Hills) were studied with four sites on 
each lateral (Figure A.1). The ROWs were 18 m wide, with a2 m wide trench. Pipeline 
diameters were 40 cm at Milo and 15 cm at Porcupine Hills. Ditchline stripping 
conserved topsoil, with the stripped topsoil stockpiled on the work side and the subsoil 
stockpiled on the spoil side of the ROW. 

The ROW was seeded in 1986 at Milo and 1987 at Porcupine Hills, using a 
rangeland seed drill with 15 cm spacing. Milo sites were seeded at a rate of 
approximately 8 kg ha’. High soil moisture and compaction caused poor penetration of 
the seed drills at two of the Milo sites, consequently, these sites were seeded with two 
passes of the seed drill. Seeding rate on the Porcupine Hills lateral was not recorded. 
Both laterals were seeded with grass-dominated mixes (Table 2.1). At each site, 0.25 to 


0.90 ha exclosures were constructed after completion of seeding and prior to cattle 


grazing. 
3.2 Site Description for Milo and Porcupine Hills 


The Milo lateral (SW 31-18-19-W4M to NE 13-16-17-W4M) is 39 km long and 
crosses the Dry Mixed Grass and Mixed Grass Ecoregions (Figure A.1). The area is 
characterized by severe summer and winter temperatures and low precipitation (Table 
2.2). Climate data for the years of study are provided in Table 2.3. Sites M1 and M2 


soils are predominately Brown Solods with occurrences of Brown Solodized Solonetz 
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and Solonetzic Brown and Orthic Brown Chernozems. Sites M3 and M4 are 
predominately Orthic Dark Brown and Solonetzic Dark Brown Chernozems. Parent 
material is fine to coarse loamy till, moderately to well-drained. Alkaline soils are 
common, with occurrences of saline soils at M1 and M2. Soil organic matter ranges from 
1.7 to 2.8%. Range type is Stipa-Bouteloua (needle grass-grama grass) at M1 and M2, 
Stipa-Bouteloua-Agropyron (needle grass-grama grass-wheat grass) at M3 and Stipa- 
Agropyron (needle grass-wheat grass) at M4. All plant names are according to Moss 
(1994) unless otherwise specified. 

The Porcupine Hills lateral (NE 24-18-3 W4M to NE 36-4-1-W5M) is 160 km 
long and traverses the Aspen Parkland, Fescue Grassland and Montane Ecoregions of 
southwestern Alberta (Figure A.1). The climate is moderate, with cooler summer 
temperatures and more summer and winter precipitation than the Mixed and Dry Mixed 
Grass Ecoregions (Tables 2.2 and 2.3). Orthic Black, Rego Black or Calcareous Black 
Chernozem soils dominate. Sites are well-drained and located on fine- to medium- 
textured till or glacio-fluvial deposits. Topsoil depths range from 12 to 30 cm. Topsoil 
organic carbon ranges from 2.1 to 8.7%. Soil pH varies from slightly acidic to slightly 
basic. Soils are generally non-saline and non-sodic. Range type varies, being Festuca- 
Danthonia (fescue-oatgrass) at Pl and P4, an invasive Phleum-Poa (timothy-blue grass) 
community at P2 and Festuca-Agropyron (fescue-wheat grass) at P3. 

Plants for both laterals were visually estimated and summarized (Smith 1986). 
Complete species lists and detailed site descriptions are available (Naeth et al. 1997) and 


are summarized in Tables A.1 and A.2. 
3.3 Experimental Design 


The experimental design was a split-block (Peterson 1994) with levels of ROW 
(work, trench, spoil, undisturbed) assigned to strips of plots running through the block in 
one direction. Levels of grazing (grazed, ungrazed) were applied to strips of plots 
perpendicular to the ROW strips (Figure A.2). The experiment was a 4 x 2 factorial; each 
experimental unit was subjected to one of four ROW treatments and one of two grazing 
treatments. Milo and Porcupine Hills data were analyzed separately so there were four 


blocks (site is equivalent to block) per design, with one treatment replicate in each block. 
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3.4 Field Measurements 
3.4.1 Vegetation Characteristics 


In June and August 1998, species composition in each treatment was assessed 
using one, 30 m long, permanent transect established in 1986/1987. On each transect ten, 
0.10 m* quadrats at a3 m spacing were measured for density and % cover. Densities of 
rhizomatous species was difficult to determine due to vegetative growth form. Each tiller 
was tugged gently (but not pulled out of the ground) to determine if it was an individual . 
Cover is the estimated volume each plant contributes to the total volume of vegetation in 
the quadrat. 

Plant biomass within exclosures was determined by clipping current year’s 
growth to 2.5 cm in ten 0.25 m’ quadrats. Litter, using 0.1 m* quadrats, was sampled in 
the same locations as biomass, after current year’s growth was removed. Any dead, 
partially decomposed or decomposed plant material was considered litter. To sample, 
litter only had to fall within the sample frame but did not have to be rooted within the 
frame. Litter was sampled as close to the mineral soil as possible with small hand-held 
rakes used to separate decomposed litter from mineral soil. All biomass and litter 
samples were taken on the west side of the transect, at the end of the growing season 
following peak growth. Samples were oven dried at 65 °C and weighed to 0.01 grams. 

In June 1998, ground cover was assessed visually in ten 0.1 m* quadrats per 
treatment. Ground cover categories were live (excluding little club moss), little club 


moss (Selaginella densa Rydb.), lichen, litter (including manure), bare ground and rock. 
3.4.2 Animal Utilization 


In May 1998, eight grazing cages were set in grazed treatments in each ROW 
zone. Due to a limited number of cages, not all sites had grazing cages. Sites M1 and 
M2 were selected because two seed mixes were used at these sites (see Chapter 4) and 
P1, P3 and P4 were selected because they were most similar in species composition. 
Cages at M1 and M2 were approximately 70 cm high with a 0.6 m’ basal area; those at 
P1, P3 and P4 were approximately 150 cm high with a 1.3 m” basal area. At the end of 
the grazing season, one 0.25 m? sample was clipped inside each cage and two 0.25 m? 
samples per cage were clipped on an adjacent grazed area. Clipping height was 2.5 cm. 


Animal utilization was calculated as the difference between biomass inside and outside 


the cage. 
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3.4.3 Soil Characteristics 


In July 1998, three, 5 cm soil cores were taken in each treatment. Cores were 
divided into 0-5, 5-15, 15-30 cm increments on work and spoil, and 0-5, 5-15, 15-30, 30- 
45, 45-60 and below 60 cm increments on trench and undisturbed treatments. The three 
samples were composited and analyzed for pH, electrical conductivity (EC), total carbon, 
particle size and water holding capacity (McKeague 1978). Electrical conductivity and 
pH were determined using a 1:2 soil:water ratio. Total carbon was determined by 
combustion. Particle size was determined by hydrometer method; when necessary, 
pretreating removed carbonates and organic matter. Pressure chambers determined 
wilting point (1500 kPa) and field capacity (33 kPa). 

Surface bulk density and soil penetration resistance (PR) were measured at ten 
locations in each treatment. Soil density to a 10 cm depth was measured with a Campbell 
Pacific Nuclear Soil Moisture/Density Probe, model MC1. PR was measured using a 
proving ring penetrometer, with a 30° circular cone of 13 mm diameter at the surface, and 
at 2.5, 5.0, 10, 15, 22.5 and 30 cm depths. PR data were used to determine cone index 
values (CI, highest PR measurement) for depth increments of 0-5, 5-15 and 15-30 cm. 


3.5 Statistical Analyses 


Analysis of variance (Tables B.2 and B.3) determined differences between main 
effects for plant density and cover, community diversity and similarity, ground cover, 
animal utilization, litter, plant biomass and soil parameters. Plant density and cover 
categories tested were: total plants, total grass, sedge, native grass, non-native grass, 
native and non-native rhizomatous grass, native and non-native tufted grass, total forbs, 
native and non-native forbs, legumes and shrubs (Table D.1). Forbs and shrubs were 
analyzed using June data and grasses and sedges were analyzed using August data. Most 
forbs were easily identified and were at peak growth in early June, while the grasses and 
sedges did not flower till later in the season and were at the peak of their growth in 
August. If results from ANOVA indicated significant differences (P < 0.10) among main 
effects, Scheffe’s test for multiple comparisons determined treatment differences. SAS 
version 6.12 was used for all statistical analyses. 

The Czekanowski coefficient was used to calculate plant community similarity 
indices (Table B.4). Diversity was calculated using Shannon diversity index (Table B.5). 


Ten 0.10 m* quadrats in each treatment were measured and averaged for number and 
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abundance of species. Averaged number and abundance values were used to evaluate 


treatment differences. 

4.0 RESULTS AND DISCUSSION 
4.1 Effect of Grazing 

4.1.1 Species Composition 


Grazing had little significant effect on species composition, as measured by 
density and cover, at Milo and Porcupine Hills (Tables 2.4 and 2.5). Density generally 
increased with grazing at Milo, but at Porcupine Hills response varied with plant group 
with no clear trend across groups. Some data warrant further discussion regardless of 
statistical significance. 

The rhizomatous grasses dominating the plant communities at Milo and Porcupine 
Hills were increasers and/or invaders (Smoliak et al. 1976) but there were no significant 
differences between grazing treatments on either lateral (Tables 2.4 and 2.5). Native 
rhizomatous grasses at Milo, dominated by northern (Agropyron dasystachyum (Hook.) 
Scribn.) and western wheat grass (Agropyron smithii Rydb.) contributed approximately 
45% of plant density and 50% cover on both grazed and ungrazed treatments. At 
Porcupine Hills, non-native rhizomatous grasses dominated by Kentucky blue grass (Poa 
pratensis L.), an invader, decreased in cover with grazing (35 vs. 31%), likely due to 
direct utilization. 

Competition and grazing favor development of rhizomatous species (Belsky 1992, 
Coffin et al. 1996, Callaghan et al. 1992, Epp and Aarssen 1989, Grime 1973). However, 
the lack of significant differences between grazed and ungrazed treatments may be due to 
equilibrial and/or non-equilibrial forces. Rhizomatous species can have superior 
colonization ability and as such got a foot-hold in the community regardless of grazing 
treatment (Tilman 1994). They have maintained their position in the ungrazed plant 
community because they are competitively superior to other species (Burton et al. 1988). 
If we follow non-equilibrial theory (Hubbell 1979, Pickett and White 1985) persistence 
of these species is due to randomness and interaction among species. They resisted 
displacement and/or took advantage of space vacated by disturbance. Stocking rate and 
time of grazing can also affect species composition. For the first four years after pipeline 
construction, animals utilized less than 50% each year and in year 12, animals utilized 


41% at Porcupine Hills and 62% at Milo. At Porcupine Hills, three of the sites were fall 
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grazed; late season grazing favors native tufted grasses, which may help to explain the 
decrease in Kentucky bluegrass cover with grazing. Rhizomatous species’ competitive 
advantage may not have been realized with rate or timing of grazing. As well, there was 
a significant interaction between grazing and ROW at Milo for native rhizomatous grass 
density. These grasses increased significantly with grazing on the trench, but decreased 
(not significant) on the work (Table 2.5). 

Grazing almost doubled the density and cover of tufted grasses at Porcupine Hills, 
but at Milo it decreased cover and did not affect density (Tables 2.4 and 2.5). At 
Porcupine Hills animal utilization in grazed areas averaged 41% in year 12 and 46% in 
each of the first four years (utilization between years 5 and 12 is unknown). Climate is 
more temperate than at Milo with more precipitation and less severe summer and winter 
temperatures, so plants recover more quickly from grazing. Grazing removed a 
potentially detrimental layer of excessive litter. The closed canopy and thick litter layer 
in the ungrazed treatment would inhibit tufted grasses dependent on seed dispersal to 
colonize and establish (Grime 1973, 1984). At Milo, dominant native tufted grasses were 
needle and thread grass (Stipa comata Trin.&Rupr.) and western porcupine grass (Stipa 
curtiseta (A.S. Hitchc.) Barkworth) so decreased cover with grazing was expected 
(Smoliak et al. 1976). Animal utilization in year 12 was 62%. Even when species are 
tolerant of defoliation, they may be disadvantaged when competing with species that are 
defoliated less frequently or intensely (Archer and Pyke 1991). These authors suggested 
mixing of grazing tolerant and grazing avoidance species will inevitably lead to 
dominance by species that avoid grazing. 

At Porcupine Hills grazing was beneficial to all tufted grasses but more beneficial 
to non-native tufted grasses (Tables 2.4 and 2.5). Grazing increased native tufted grass 
density by 36% but increased non-native tufted grass density by 117%. Results are 
similar for tufted cover, with increases of 43% for native and 108% for non-native 
species. A number of factors could be responsible for this. The dominant non-native 
tufted grasses, timothy (Phleum pratense L.) and sheep fescue (Festuca ovina L.), are an 
invader and increaser, respectively, while the dominant native tufted grasses, foothills 
rough fescue (Festuca campestris Rydb.) and needle grass (Stipa sp.) are decreasers 
(Smoliak et al. 1976). Previous research in the fescue grassland all noted shifts away 
from rough fescue to less palatable species with an increase in grazing pressure (Moss 
and Campbell 1947, Looman 1969, Willms et al. 1985, 1986). 

At Porcupine Hills, there was a significant interaction between grazing and ROW 
for non-native grass cover (Table 2.6). Grazing increased non-native grass cover on 


undisturbed prairie and work treatments but decreased it on the trench and had no effect 
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on the spoil. The increase on undisturbed and work treatments was expected due to 
colonization of timothy, Kentucky blue grass and sheep fescue. However, constancy in 
spoil and decrease in the trench is not easy to explain. Likely, successful native wheat 
grass (slender (Agropyron trachycaulum L.), western and northern) establishment on 
trench and spoil zones competed with non-native grass establishment. 

Grazing significantly increased sedge density at Milo with a significant 
interaction of grazing and ROW (Table 2.6). This is discussed further in Section 4.2.1. 
At Milo, there were no significant differences between grazed and ungrazed forb density 
or cover, but total forb and legume cover increased with grazing (Tables 2.4 and 2.5). At 
Porcupine Hills, grazing decreased total forb, native forb and legume cover but increased 


non-native forb and significantly decreased shrub cover (Table 2.5). 
4.1.2 Plant Community Composition 


Plant community composition, as measured by similarity, diversity and evenness, 
was not significantly affected by grazing at either site (Table 2.7). This supports work 
done by Gibson and Brown (1991) who found season and amount of grazing had little 
impact on species diversity. Samuel and Hart (1994) reported little difference in diversity 
between moderately grazed and ungrazed areas 10 to 20 years after disturbance in the 
Wyoming High Plains. At Milo, diversity and evenness were highest on grazed 
treatments; at Porcupine Hills ungrazed treatments had higher diversity than grazed, but 
when taking into account evenness, grazed treatments were more diverse. Moderate 
grazing can increase community diversity but heavy grazing can decrease it (Belsky 
1992, Green and Kaufmann 1995, Puerto et al. 1990, Willms et al. 1985). 


4.1.3 Ground Cover 


Grazing significantly increased bare ground and decreased litter at both Milo and 
Porcupine Hills (Table 2.8). At Milo, grazed treatments had 17% bare ground 12 years 
after reclamation. Government of Alberta wellsite criteria indicate more than 20% bare 
ground is not suitable for reclamation certification (Alberta Environment 1995). 
Although pipelines are not covered under these criteria, use of 20% bare ground as an 
acceptable reclamation standard is widespread. While 17% meets the standard, bare 
ground could easily increase under drought. 

Grazing had no significant effect on live ground cover at Milo, but was significant 


at Porcupine Hills. Willms et al. (1986) found litter removal caused a decrease in 
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herbage production in Mixed Prairie and an increase in Fescue Prairie. They attributed 
the decrease in Mixed Prairie was attributed to loss of soil moisture. Removing the 
insulating litter layer in xeric sites leads to moisture deficits since infiltration is reduced 
and roots are near the soil surface (Naeth 1988, Willms et al. 1986). Litter accumulation 
benefited plant growth during establishment by providing a protective layer to the soil but 
by year 12 it may have been detrimental as evidenced by higher live cover in the grazed 
treatment. 

Increase of live ground cover in the Porcupine Hills supports previous work 
where litter accumulation inhibited tillering of grasses in Fescue Prairie (Willms et al. 
1986). Litter build up in ungrazed treatments by year 11 was approximately 8500 kg ha’! 
and responsible for 95% ground cover. This thick thatch would be detrimental to plant 
growth (Holochek 1998) and inhibitseedling establishment (Belsky 1992, Gross 1984). 
Interpreting Porcupine Hills results is complex due to significant interactions between 
main effects (Table 2.6). Grazing significantly decreased litter and increased live cover 
on the trench but not on other zones. 

Grazing increased club moss in undisturbed prairie, but caused a sharp decline in 
the work treatment (Table 2.6). In areas of low precipitation little club moss may inhibit 
growth of larger species by absorbing rainfall, but it also protects the soil from wind 
and/or rain erosion. Grazing tends to increase its cover, but the ungrazed work treatment 
had over 11% cover by year 12, compared to less than 2% for the grazed work. Because 
the work zone was not cleared of vegetation (only driven on), club moss may not have 


died and protecting it from grazing allowed it to recover. 


4.1.4 Soil Properties 


Grazing did not significantly affect soil carbon, pH or texture (predominantly 
loam to clay loam) (Table C.1). Grazing had some statistical, but little ecological, effect 
on soil EC and available water at Milo and Porcupine Hills. For example, at Porcupine 
Hills, grazing significantly increased EC by 0.03 mS cm’ and similarly, at Milo grazing 
significantly increased available water in the top 5 cm by 1.6% but neither of these 
increases are considered ecologically significant (Table C.1). 

Grazing significantly increased soil surface bulk density at Milo and Porcupine 
Hills (Table 2.9) but the increase would not influence plant development since the highest 
density recorded (1.11 Mg m”) was well below what is considered inhibitory to plant 
growth and hydrologic processes (Naeth et al. 1991b). As well, grazing led to a 
significant increase in CI at both Milo and Porcupine Hills (Table 2.9). Cone index of 
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both grazed and ungrazed treatments at Milo and grazed at Porcupine Hills were above 
2.0 MPa, which be can inhibitory to root development but are very dependent on soil 
bulk density and soil moisture (Thompson et al. 1987, Lowery and Schuler 1994). Soil 
moisture in the top 10 cm, was low at Milo (14%) and high at Porcupine Hills (36%) 
(data not shown). The high surface bulk density and CI values agree with previous work 
done by Naeth et al. (1990). Cone index at Porcupine Hills also showed a significant 
interaction between grazing and ROW in the 0-5 cm depth interval. The ungrazed trench 
had the second lowest CI value while the grazed trench had the highest (Table 2.6). 
Cattle use in 1998 was not significantly different among ROW treatments, however this 
interaction would indicate cattle utilize the trench preferentially or the trench is more 
susceptible to compaction, since work and spoil zones did not have large differences if 


grazed or ungrazed. 
4.2 Effect of Right-of-Way 
4.2.1 Species Composition 


Right-of-way treatments significantly affected plant species composition, as 
measured by density and cover (Tables 2.10 and 2.11). Cover was generally higher on 
disturbed areas compared to undisturbed. While there were changes to sedges, forbs and 
shrubs, the most significant ecological changes occurred in the grass community. 

Disturbance at Milo favored rhizomatous grasses. The trench had almost twice 
as many rhizomatous grasses (native and non-native) as undisturbed prairie (Table 2.10). 
Rhizomatous species on the trench (northern and western wheat grass at Milo and 
Kentucky bluegrass at Porcupine Hills) may have established early. A long-term study of 
secondary succession in the Wyoming High Plains indicates species that establish first, 
may be the ones to persist (Samuel and Hart 1994). Species vegetatively reproducing, can 
colonize available space more rapidly and effectively than sexually reproducing species 
(O’Connor 1991, Prach and Pysek 1994). Rhizomatous species may persist in areas 
unfavorable to tufted species (i.e., seed producing), since the ramet can fill gaps in closed 
vegetation cover (Grime 1979). Clonal species also dominate longer than non-clonal 
species (Prach and Pysek 1994). High rhizomatous grass cover on the trench could also 
be aresult of grazing. There were no significant differences in animal utilization of the 
ROW, but the trench appeared to be utilized more than other zones (see Section 4.2.5). 
The dominant rhizomatous species on the trench were all increasers. At Milo, there was 


a significant interaction between grazing and ROW treatment for native rhizomatous 


vA 


tala: ft 
| i ealtrmsca, age mit 
if Gv colt ae 
«4 ° Sythe J ream 


ne 


‘ 
wh den) 


avillwinge @ 


ee ee | MR | 
Yo i A pg eg yO ' ’ gh! = ra oo ak) = 
ei MS OPE hee OM ea vraer 
ieee e BERG EH!” fe) 41 ee) ole gine a 
CRS ie be) Birr iT 
BIT BATT IS ie)! sAUIM: Hy * rity fol n= 


how wu fh! “ae a ee eo oe } @\hie haan 
loa aie ca. Where et: ' denser iyingatlp 
AM Mithila lady oe aor aie ie) Cave 


Aan (ghar Bc gw fs 2 ome] 1a baa aad 
eulbrey pecwihinyn 4 \ips18% is | tpt he 9 typ 
Org A Aptr A Anlan gs 5). wll shee 11h) 
Se pany “paloma 
. eaten) i. quill ' 
seats tea esc dor (F deta 
. Ff potasi R Pie 
“"< HE cinic ‘ee 
S20 sive ‘a 


grass density (Table 2.6, see Section 4.1.1). 

Native tufted grass density on undisturbed prairie was significantly higher than on 
the trench at Milo and on trench and work zones at Porcupine Hills (Table 2.10). Milo 
also had significant differences among treatments for native tufted cover, with 
undisturbed having the highest, trench the lowest. Grass covers at Porcupine Hills were 
not significantly influenced by ROW but followed a trend similar to Milo. There was 
significant interaction between grazing and ROW for cover of native tufted grasses 
(Table 2.6, see Section 4.1.1). 

Many tufted grasses in the disturbed zones were not present in the seed mix nor 
would they have been a major component of the seed bank. Correlation of existing mid- 
to late-succesional vegetation to seed bank is generally poor (D’ Angela et al. 1988, 
Grandin 1998, Levassor et al. 1990). Tufted species would have to rely on seed rain to 
establish. Seed set in many of Alberta’s native species does not occur annually (Tannas 
n.d.). Belsky (1992) concluded rhizomatous species were replacing caespitose species. 
The caespitose species were not replacing themselves because their seeds did not 
germinate and their seedlings did not survive due to competition from other plants. 

Sedge density and cover were significantly influenced by ROW at Milo (Tables 
2.10 and 2.11). The work zone had highest density and cover, the trench the lowest. It 
appears while sedges are tolerant of mild to moderate disturbance, they are not tolerant to 
severe or intense disturbance. It also appears that viable seed does not persist in the seed 
bank because after 12 years, few were growing on the trench. Sedges were present on the 
spoil zone but not as dense as on undisturbed prairie, possibly due to scalping at sites M1 
and M2 during pipeline construction. There was a significant interaction between 
grazing and ROW treatments for sedge density (Table 2.6). Grazed work zones had the 
highest bulk density and highest sedge values. Sedges at M1 and M2 were the dominant 
species growing in vehicle wheel tracks or under mild to moderate disturbance. Thus, 
sedges could be better competitors than other species in high density soils. 

At Milo and Porcupine Hills, forb density was highest on the spoil zone. Cover of 
native forbs was highest on the spoil and undisturbed zones and non-native forbs were 
highest on the spoil and trench zones. Trends in legumes and shrubs at Milo and 
Porcupine Hills were difficult to determine due to high variability among sites (Tables 


2.10 and 2.11). 
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4.2.2 Plant Community Composition 


Right-of-way significantly affected plant community composition, as measured 
by similarity and diversity at Milo and Porcupine Hills (Table 2.12). Eleven to twelve 
years after revegetation, disturbed zones were still significantly dissimilar to undisturbed. 
The trench was most dissimilar to undisturbed prairie on both laterals. At Milo and 
Porcupine Hills, work and spoil zones had the highest diversity, undisturbed and trench 
zones had the lowest. These results support other research. Both Grime (1973) and 
Connell (1978) proposed intermediate levels and/or rates of disturbance produce 
maximum diversity. Field studies found highest diversity occurred three years after 
disturbance then declined to year six, which was the end of the study (Gibson and Brown 
1991). Right-of-way did not affect evenness on either lateral (Table 2.12). 


4.2.3 Ground Cover 


Right-of-way significantly impacted ground cover at Milo and Porcupine Hills 
(Table 2.13). Bare ground was not significantly affected at Milo, but was at Porcupine 
Hills. At Milo, ecologically there was a difference between spoil bare ground at 17.0% 
and undisturbed at 3.2%, especially given the harsh climate and susceptibility of soils to 
wind erosion in the Dry Mixed and Mixed Grass Ecoregions. Bare ground on spoil could 
exceed the 20% standard for reclamation (Alberta Environment 1995) given adverse 
grazing or environmental conditions. Conversely, Porcupine Hills had significant 
differences (4.9 vs. 0.1%) in bare ground that were not ecologically significant. There 
was a significant interaction of main effects at Porcupine Hills; the grazed trench 
treatment had 9.9% bare ground compared to 0.0% in the ungrazed trench (Table 2.6, see 
discussion in Section 4.1.3). While the interaction should not be ignored, these two 
treatments would not have to be managed differently to protect the soil surface. 

At Milo live cover was significantly lower on disturbed ROW versus adjacent 
undisturbed prairie whereas at Porcupine Hills, there were no differences among ROW 
zones (Table 2.13). Higher live cover on undisturbed prairie at Milo can be attributed to 
native tufted grass. Litter was significantly lower on undisturbed than disturbed zones at 
Milo. At Porcupine Hills, statistically there was a significant difference in litter among 
the ROW zones, but ecologically, differences were not significant. 

Little club moss at Milo was heavily impacted by ROW zone (Table 2.13) with a 


significant interaction between main effects (Table 2.6). See discussion in Section 4.1.3. 


, 
2 sora aah Ai Phen iindess fee 
viienehe el Me iit) allt 

box! iii La ime: ye Flin 

lua” oh se) ijn! = ij 
onar? IN ow n PiRtyiiiees” Sore 
ry 
» Milap Sp pga NG a IY ay & 1" i 


: , ae 
’ a iA Tr a eo ee pf ( gu iy 


iM fic arf Sarihals my hi i ee teas = 
4. a vee yD) ays le i Migts aCe re Gis 


A 
ver had Hl cth Ie os ' "wa, i a” Laue ature 
i < id 
w ie AV lee TA 


ns ses tiin mil nid Oi 
Pte ee ak Sk i 3 fishy i 
i } i=) ye Pee we a) ASE PS 9 
i in dv? .aerinet revit, ery ave - 
LJtY @Rea 1% oa 
eb Le a ee fer 
eteaemeri « 
: LOS shemaa Wan, en’ aie 
edt. petliads | iin Ci, 


' ® ® ; 
gb abe 1 PY tae Ft >! vl = Tih : ? - 


=a la Gro er iarie! llill. eee | ea Qa 
WiLL grit Cas PIO Gai 1 ; 

pe hens i116 he fi ei Aah Gin) rl wh win ike 
Biel tp! .y A Riiin A tod) re 
pins pellll Gaiandty tAliiegls * orale 
resin | In OOM 
Le 


ee et | 


are hls 


4.2.4 Productivity 


Right-of-way significantly affected litter and live biomass at Milo but not at 
Porcupine Hills (Table 2.14). At Milo, ungrazed litter biomass was significantly higher 
on trench than work zones. Ungrazed live biomass was high with significant differences 
between trench, work and undisturbed zones. This high biomass is partially due to 
growth of slender wheat grass and alfalfa. Because of the large amount of litter in the 
exclosures, it is possible litter and live components were not completely separated. 
Ungrazed live biomass was higher than grazed at both Milo and Porcupine Hills. 

While there have been numerous studies to indicate grazing increases production 
(Cook and Stoddart 1953, Puerto et al. 1990, Wikeem and Pitt 1991, Willms et al. 1986), 
overgrazing can also decrease production (Crider 1955). Not grazing can increase snow 
and litter accumulation providing more moisture and a protective insulating layer, thus 
improving conditions for plant growth. Higher production in ungrazed treatments at Milo 


is likely due to increased moisture retention versus overgrazing. 
4.2.5 Animal Utilization 


Right-of-way did not significantly affect animal use at either Milo or Porcupine 
Hills (Table 2.14). At Milo utilization on the trench and work zones was similar (68%) 
and spoil and undisturbed zones were similar (55%). In October, P3 had not been grazed 
so animal use was not determined for that site. For the other Porcupine Hills sites, use 
was highest on trench and lowest on spoil zones. Differences among treatments may not 
be expressed due to experimental design limitations of having only two replicates on each 
lateral. As well, we used caged and uncaged subplots. Unless subplot size can 
accommodate local heterogeneity, measurements may be inaccurate (Bork and Werner 
1999). Bork and Werner recommended above-ground net primary production be used 
when focusing on the herbivore and relative utilization be used if the focus is on the plant 
community. While the there were no significant differences in animal use among ROW 


zones, CI indicates cattle preferentially graze the trench. 


4.2.6 Soil Properties 


ROW had some statistical, but little ecological, effect on soil characteristics at 
Milo or Porcupine Hills (Table C.2). For example, undisturbed prairie at Milo had 
significantly lower pH than the trench. There were significant differences in EC at both 
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Milo and Porcupine Hills. Soil carbon at Porcupine Hills was significantly lower on 
trench and spoil zones compared to undisturbed prairie. Similarly, the amount of sand, 
silt and clay were affected by ROW treatment at Milo, but it did not equate to a 
difference in textural class. All treatments, for all depths were loam to clay loam texture. 
For most species these differences would not be ecologically significant (Carter 1993). 
However, at Milo ROW influenced soil carbon and available water in the top 5 cm. Soil 
carbon was 2% less in the trench compared to undisturbed prairie. While a difference in 
soil carbon between 4.67 and 2.66% may not seem significant, it could lead to the lower 
available water measured in the trench compared to the undisturbed prairie in the top 5 
cm of soil. Available water in the trench was 4% less than in undisturbed prairie. Where 
moisture is not limiting, this difference would not be ecologically significant, but in the 
Dry Mixed Grass and areas of the Mixed Grass Ecoregions, 4% could be significant. 

Surface bulk densities were higher on the disturbed areas of the ROW, supporting 
work by Naeth (1985), but the increase would not be detrimental to plant growth (Table 
2.15). ROW had a significant impact on CI at Milo and Porcupine Hills (Table 2.15). 
Milo and Porcupine Hills work zones had high values of 3.25 and 2.57 MPa, respectively. 
In the Porcupine Hills, there was significant interaction between grazing and ROW in the 
0-5 cm depth (see discussion in Section 4.1.4). At Milo, CI in the work zone would have 
been detrimental to root growth. Since dominant grasses at Milo reproduced 
vegetatively, a reduction in plant density could be expected but the work zone did not 
have a significantly lower number of rhizomatous grasses. The work zone had a 


significantly higher density of sedges, which were also rhizomatous. 


5.0 CONCLUSIONS 


- Grazing had little effect on plant species composition. Density generally increased 
with grazing at Milo, but at Porcupine Hills response varied with plant group. 
Generalizations for grazing management over different ecoregions may not be 
appropriate. For example, not grazing at Porcupine Hills decreased tufted grass 
growth while at Milo it increased it. 

- Right-of-way zone significantly affected plant species composition. Affected species 
did not respond similarly between Milo and Porcupine Hills. Plant densities 
decreased as level of right-of-way disturbance increased, whereas cover was 
generally higher on disturbed versus undisturbed areas. The more intense the 
disturbance, the higher the rhizomatous grasses, the fewer tufted grasses. 


- Plant community composition was not significantly affected by grazing but was 
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affected by right-of-way. Eleven to twelve years after revegetation, disturbed zones 
were significantly dissimilar to undisturbed adjacent prairie. Intermediate levels of 
disturbance (work and spoil) had the highest diversity. 

Grazing and right-of-way zone significantly impacted ground cover by increasing 
bare ground and decreasing litter. Reducing litter at Porcupine Hills may be 
beneficial considering biomass produced and potential fire hazard. At Milo biomass 
was lower and fuel build up is not an issue. In fact, litter at Milo protects soil against 
wind and water erosion. Grazed areas at Milo had almost 20% bare ground 12 years 
after construction so a potential for soil erosion exists with reduced plant cover. 
Grazing and right-of-way zone had some statistical, but little ecological, effect on 
measured soil characteristics. In some circumstances, grazing and right-of-way 
treatment had high enough CI values to potentially inhibit root development. While 
there was no significant differences in the density of rhizomatous species, a high CI 
could affect spread of rhizomes. 

Right-of-way significantly affected litter and live biomass at Milo. 

Right-of-way did not significantly affect relative animal utilization of herbage at 


either Milo or Porcupine Hills. 
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Table 2.1. Milo and Porcupine Hills seed mixes. 


Species 


Common Name 


Variety 


% by Weight 


Milo 

Agropyron smithii 
Agropyron dasystachyum 
Agropyron trachycaulum 
Poa compressa 


Puccinellia nuttalliana 


Porcupine Hills 

Poa compressa 

Festuca ovina duriuscula 
Festuca campestris 
Festuca ovina 

Koeleria macrantha 
Agropyron dasystachyum 
Agropyron trachycaulum 
Agropyron riparian 


Medicago sativa 


Western wheat grass 
Northern wheat grass 


Slender wheat grass 


Canada bluegrass 


Alkali grass 


Canada bluegrass 


Hard fescue 


Rough fescue 


Sheep fescue 


June grass 


Northern wheat grass 
Slender wheat grass 


Streambank wheat grass 


Alfalfa 


Walsh 
Elbee 
Revenue 
Ruebens 


Nuttall’s 


Ruebens 
Durar 
Common 
Covar 
Common 
Elbee 
Revenue 
Sodar 


Rangelander 


Table 2.2. Thirty year average climate data for Milo and Porcupine Hills (Environment Canada 1994). 


Climate Data 


Annual air temperature (°C) 
Average summer temperature® (26) 


Hottest months — July (°C) 


— August (°C) 
Coldest month — January (°C) 


Annual precipitation (mm) 


Wettest months — May (mm) 
— June (mm) 


Winter precipitation* (mm) 


Spring precipitation’ (mm) 


Fall precipitation’ (mm) 


' Milo is averaged data from Vauxhaul and Brooks weather stations. 


Milo! 


4.5 
Se2 


18.4 
17.6 


-11.5 

338 
BoD 
62.5 
53.6 
85.8 
54.0 


Porcupine Hills” 


Turner Valley 


23 
Wail 


14.3 
14.2 


-11.8 
RY) 
Fz 
Lis 
91.8 
169.4 
85.1 


Pincher Creek 
4.6 
14.0 
16.7 
16.2 


-9.0 
oz 
68.7 
87.6 
123.4 
163.9 
81.0 


* Turner Valley weather station is closest to north site; Pincher Creek is close to most southerly site. 


3} 


Summer is June, July and August, inclusive. 
* Winter is November, December, January and February, inclusive. 
Spring is March, April and May, inclusive. 
Fall is September and October. 


33 


‘ ) apie yin ; 


6@ i F hie 

oa x a pepe pis 
roe oer! +i) itn whee 
‘ >* Sas 

ae a! 

- oe : 

‘sy ac 

ine eat 

o(ci os | 

avy nm é 

very mS 


aA” prs, -« rer) 


Fe ee be 
| weg Adin? rams 


ON se; cmt 7 


“YIDI_- A[[OUUOD pur JOALY YSIP{ WOIJ PI}da][09 BJep ApIVIA SyIIID JDYOUI pue Ad]J[eA JOWIN] WO p}da][09 eyep 9des9Ae IIA YE SII} DuIdno104g 
“SON|LA BUISSIL O} Np jas eyep ajoduiosul = | 
[JeyxneA Woy eyep Apiwok “syoolg pue ||eyxneA WOIJ p9}da|[09 vJep IdVIDAR VIA (VE ]e19}L] O]JA 
“ACY pue [lidy ‘yoieyy si Suuds ‘Aiensgo4 pue Alenurr “IdQui9sddq “JOQUIDAON, SI 19JUIM £19G0}9Q pure Joquiaydas si [Jey JsnSny pue Ajn¢ ‘oune si JoWLUNS 


v 
£ 
¢ 
I 


ost vcol iL (Gl L‘OV CECE 6 S8C 8L9 66" Le ye) SLI vs IS 8661 

9°98 OIC VSL 9°88 ECO) 9°06 vis 3°6- Vt: ysl GS orl LY L661 

sk liv vOC 3°86 1201 GO LCE 8S9 OrETs v6 VOI LS| O'S] GE 9661 

Vcel lor Gl! 696 LS8C 8 7VC OSL LS: 87 Gol srl vel se S661 

9°6S L¢8 YEG! 10s 6vS1 OLTI OST ES Se 8S 691 SII LY y66l 
S61 v9 Cail v'c6 LVv9S v'6SI 6CL VOl- ose 8 31 Vcl 0'V £661 

L’S0C CSP OAL 3°68 8S ese 0-001 889 10- Oia Sel cee Syel GS C66! 
S61 Cc ¢8 CT £6 9°68 CVG 8S trl Ips GO ice 691 vSl o'r 61 1661 

Cae 6 0Cl OVrLI iss 6L61 ONG vv9 e- OSs Sl ysl 9'v1 vv 0661 
LicS 109 6 6S1 6vL 8°68 1 CCS I ILS GS: Vise o'r D9 61 OC 6861 
O1S OLE 699 SA Gos t 86 aehs Ib [Ee lp GS1 OT SSil 8 8861 
vv 66 iS OCP SLSC € 68 LSV SiGe 6'0- Vl US Cr £9 L861 
$°66 0'0L 9°LOL res 8°S07 SOF £9S vOl- oP asi SS] Oe! SE  advAIAL ILIA YF 
pSIIHH aurdno10d 

CECI 8 bY O'vy 0°91 DIS El vel OLE 3 el- O19= S161 86 6LI MS 8661 
EMS C8 0°CC OLI 0°CCI 9'VL 9EC SAG ese O'8I ELE GLA es L661 
v'0C 9°61 v°99 vVs Ke vor LOC Sls 6 11- 881 Vsl SLi iL 9661 
8°Sc v'0S 0°19 v VL Geel L°96 St VOI- 08 GS) OLI Li SE S661 
0°C8 $09 ESS 0°99 vcol I I ton Ale Lis DET 9°81 691 81 7661 
DES?) 9°61 Sty v'69 VI9l 709 Set Sel Vile CSI Lvl LY\ vv t66l 
[ee GS 9'0E y99 col 8°CS CLE 9°0- 0'v- i, S| i, S| Sl 09 c661 
06 I CIE [1c 3°6rl I I eOl- Ie Sol S 1h) (6/5) I 1661 
VST vOL 0°16 O'LI 06S vcr Ott 87 Se 8°81 SLi ie Il os 0661 
V'6S 80V 0°69 SUS I SIL I She es vol 681 cecal cv 6861 
vOst OE O'0E Cl C061 Ol tye 96" La aS! oll fe I 8861 
9'6E I 9 Ce 8's SCC I I I ea 6€l vLi is Ik cl L861 
8°99 v'OL 60S O'161 vist 8°86 cov €0- V3 v8 Sl SoG GY 9861 
S79 S'6t dl 3 OFS orl 8°S8 BEE Sauls Gos OLI rs8I 6ST Sp advsaav ivad Og 
Ol 

oune Ae JOU ea Jauung suds jenuuy Ayenueg = JUIAA—sJSNNY Ang owing yenuuy JeaX 


(wu) uoNeIdI991g 


(9.) danqesodud |, 


‘(1007 “7661 BpeURD JUUIUOIIAUA) (8661 O} L861) SI]!H PUIdnd10g pur (366] O} 9861) OW 4OJ BIEP HEU] “E°Z B192L 


34 


, oe a~ (ier oar ae wag! 
: euw 
— wii } te ale ae le” <ans* 08 Wame : 


‘(OL'0 > d) 9U0Z MOY Pue SuIzZeIS UddMJOq UONILIDJUT JULITJIUBIS & SaJLOIPUT d[qeLIvA ev JO SuIpeys . 
“SISA[eUe Ul 9PNIOUI 0} MJ OO} JO JUDSdId JOU JOYA 919M OTIY 1@ Sdssei3 DALU-UOU pur STI] suIdnoIOg Je saBpag ‘ 


‘OVO > die WorayyIp APuLspUsIs are SIDO] JUSIOJJIP YJIAA MOI L UTYIIM SULOUT ‘[eID}L] BUG 


L0 VEC 50 90 
18910 80 C7 IISL'0 £0 €'0 qiO,J SALU-UON 
Ov GS vil ees 
69650 OL 6S 08610 61 vy qio,J 2ANEN 
90 90 TO c0 
68710 9°0 €'0 Errs ‘0 0°0 70 qniys 
EA IE v0 Ol 
€LOS ‘0 9°0 01 11190 £0 $0 aundaT [BOL 
Le 6S VC Ste 
S580 SL as Orse0 (6 Liv qI0,f [E10] 
Onl VC 
1760°0 q7 eO? 7SSBID pany, aanjeu-uoN 
EE el vil HEA 
p901'0 Vl Cl 0S09'0 97 87 SSUID pany, eAneN 
eg 18 2 seID 
ZOrE 0 COI Hal SNOJLUOZIYY PANLU-UON 
J BC IT Cr SSeIL) 
ZSEE0 a as 8£97'0 0°8 0°01 snoyeWOZIYY 2ANeN 
Sil ee 
006+'0 ELI 641 7SSID) AANRU-UON 
61 GS l€ cE 
LE87'0 EG 6'€ 96510 LOl 671 SSLID) OANLN 
ov gs 
€060'0 qg'¢ eOL 72 8P2S 
19 £8 INS Sic 
ZL160 0°02 Ll L910 Lol wal SSPID) [BJO], 
19 c8 cS car, ds 
10zr'0 0°0€ 8°97 9010'0 q9°8I SET = Ueay] syuryd [POL 
eS a ee ee ae Oy 
A<d pozeisuy) PpozeinH aeZal pozeisuy) pozeiH a]qeiie A 
S[ITH ourdnos0g OT 


ee ee ee ee eee 
"8661 Ul SI[IH{ ourdnsiog pue op 3e sJUSWLIy) BUIZeIS I0J (,w ]'0 Jad syuryd) Ayisuap yuelq “p'Z 3QRL 


35 


‘(O10 > d) 9U0Z MOY pur SuIze1id Ud9MJ9Q UONILIDIUT JULIIJIUSIS B S9}VOIPUT J]qQUIIVA v JO SuIpeys x 


“SISATBUL Ul 9PNIOUI O} MOF OO} JO JUDSOId JOU OYTO 19M OTT Je Sasse1s JATVeU-UOU pur sT]IF{ uIdNoI0g Je saspas : 


‘OL'0 > d Je WSIaIJIp APULSIFTUSIS o1e SIO}9] JUSIOJJIP YA MOI V UTYJIM SUBIL “eIO}L] BUI | 


€9 cs 16 ie Gl! 
Z97S'0 Cr be 0Z6L'0 OG SP q10.J SATLU-UON 
al G |)! T6 88 
O€8I0 v1 bel 0L67'0 S12 vel qi0.J OANEN 
Ol 9S (ad) 0) 
080'0 eL'8 G37 £0160 07 81 qniys 
67 Ce £6 Vel 
88550 07 91 LOLLO I'v os anda [BO], 
JE NII Grell Lect orl 
69r£'0 (EE 707 78Lb'0 O7I €8I quo [20] 
56 091 
59L0°0 1 +6 e 96! 7SSPID pany PAnvu-uoN 
rl Orel sl Orel 
9SST 0 901 Gol 8790'0 BTEC qP€Z SSPIQ Pan], PANN 
vOC IE 7SSPID 
86170 ESE vie SNO}BUIOZIYY 2ALU-UON 
Oe S'8 LiL L6l SSPID 
69870 67 OL 80Ir'0 69 LAS snoyewoziyYy 2aneN 
(GANG 81 
LO€0'0 ory ROIS ¢:7SSPIQ DANLU-UON 
LY Vsti Srl vel 
08070 Cal GCE S6SS'0 1°08 SI SSCID) SANLN 
99 Ee 
OSee0 79 oe 228PaS 
ie (6 8S1 vst Vel ds 
507200 qd €'8s 2 O°SL ZL0S°0 118 ISL ua SSPID [PIO], 
A<d pozeisuy) pozeiH di<d pozeisuy) PpozeIH aque A 
S[[HH ourdnos0g ON 


"8661 Ul ST[TH outdnosog pure oly je sjusuLay SuIzeIS OJ (0%) IQAOD JURTG *S°Z BIQRI, 


36 


OQ-= 620 6 pata ~~ OR v= iV fou, 
; FOREN det Se 05g ee : 


O10 870 a0) 9L0 Oss0) cL 0 L8'0 cO'| 
19700 TORT OO U qVsct qe 8c 1 SE Vel qe 73 i Cec PsN} 6 xopuy suo) 
00 vl 00 80 cO O's 69 ov 
9¢S0°0 400 qZ0 400 qv0 9°CO Gor 266 USE punory ele 
le 60 60 90 cl Os es es I9A07 
tv00°0 DOCS 26 76 BOs, Bo $6 ® 7°06 2 rL8 4062 2 L'68 pana 2nr 
links La 60 LO cl 61 cv GAG IQA07) 
9180°0 Cys qvy q8e qCcY es 6 Cee OE heTEYS MISES che | 
0°61 9°07 © 02 961 LOG IEICE T6 31 I9A07) 
L800 GOL? eSLY Bogs ®6rV Bers Brss EL G6r UL by Beet) eae U Ue 
S][TH ourdnol0g 
8°0E 13 0:0 vc VLT eG 10 1) I9AO0°) 
StV0'0 BS IES qZOl 200 ore & 8 rr ey! 20°0 ees punolyy ssoW qnIO 
Oss EG cO 8ST tv XE €0 ev 
98£0°0 qs 9 qe ¢'6 910 q69 aye AN ECOL 760 qe9 Ayisuaq a8pag 
vLi 891 /E;9) 5 7E| sel sl 919) L8 I3A07) 
CCCO'0 BCics 70ce Sele VV LC qe 6c’ q0SC VSG) SUG poyny SADEN 
e€ ol ZZ LG 67 be o€ 07 ds Ayisuaq sseig) 
LCL0'0 Sor U3 qe c Ol SS) 3g Cate PSST qe S6 Uv, snojewoziyy SAeN 
a 
d<d pea Pui OM YoustL [rods poqinystpuf) FIOM qousr], jtods s[qeneA 
pozeisuy, pozein 


"8661 Ul ST]IH ourdnolog pur oy Je UONSLINVUI MOY Aq Bulzess yULdIFIUSIS paMmoys }eY} SaTqULIVA painseayy °9°Z BIQeL, 


37 


‘SI[IH ourdnosog ay) ul (vsuap vyjaurspjag) Ssou qn[d OU sem a12q], , 
‘OVO > di WosayyIp APuLopluUsis ore S199] JSIOJJIP YIM MOI & UIYIIM SULIT ‘[eId}e] BUIYTM , 
(COLO > d) 9U0Z MOY pur suizesd us9Mjaq UONILIOJUT JULOTJTUSIS & SaJLOIPUL aIGeIILA v Jo Suipeys , 


(EME O'ET 
6c160 VTI 9CI SOW qXO 
80 LS (as lvl 
£960°0 q¢0 Bey 97c0 0 Gé6¢e Baal punols seg 
Ve c9 SHeE 617 
6£70°0 ® 3°76 49°98 8rr0 0 ercLl 4 86S IOyVy 
6G 6T LCG £ Vd ds 
81700 qos 72 06 c99P 0 9°07 87Z suey OAV] 
dad pozeisuy pazein Wed pozeisuy) pezein a[qeiie A 
S]JtH ourdno10g OTN 


"866 Ul STITH ourdnos0g pur oj] je syustjeay) SUIZeIS IOJ (0%) IBAOD PUNOID °g°Z BIqQRI, 


"POGINJSIPUN O} Ie[IWTS JOU IY} Q"] 0} JasOpO oy} ‘ated poqinistpun 0} poredwiod pue paulquiod a1aM (YOM ‘YOuIy ‘[Iods) sauoz paqimsiq 


S10 60°0 O10 L00 
Orc 0 0L0 ec 10ct 0 69°0 LEO SESE ESS | 
09'0 6£ 0 870 Se0 
OLC8°0 tlc LOC SS870 C81 Dic AVISIOAIC 
1€°0 co0 ce'0 670 das 
0S¢9'0 ss'0 t$°0 OLLL'0 ASW 790 eEOW /AMTe]IUUTS 
Wed pozeisuy) pezein ded pozeisuy) pezeih a[qeiie A 
S][TH{ outdns10g OTN 


"S661 Ul ST[IH outdnoog pue op!] je syUSWvIT) SUIZeIS 1OJ ssouUdAd puR A}ISIOAIP ‘AJLILIIUIS “27 BIQUL 


38 


rr 
i 


© 
= EZ ~ > 


a mi 7 02 § engl a) iblery fort aint <> ele ee ——— : 


' r : é b Oicy ey wey @A cig +99 ¢ tajfe® 
5 gm gd 1" fiers Pf st Veo’ Hie ant 6 oe wba OC al tay 9 


"4 ( ot} os) Peep® Qo ==Qude) quate Ch ORO : 


‘(O10 > d) 9U0Z MOY Pue BuIzeIS Jo sjoaJJo UTEU UdIMJaq UONILIDIUT JULOTJIUSIS So]eOIpUT a[qeIIeA & JO Surpeys ‘ 
‘OL0 > d Je WorasIp APULSTJIUBIS d1e $19}}9] JUDIOJJIP YIM MOL & UIYIIM SUBILLT ‘[eIO}e] & UTUT AA, 


60 950 tv0 Se0 
06re 0 HELE OVC 61es'0 bl? LOG (tu9 (E-S 1) Xepuy oud 
99°0 90 850 190 
8L00°0 q 691 ®807¢ c009°0 ALG Go (td ¢]-¢) xepuy au0D 
13 a0) LL0 19°0 c9'0 
cIE0'0 qcel BLOG 16900 Set AIS -(Wu9 ¢-0) Xepuy au0D 
60°0 el 0 60°0 110 ds 
£800°0 80 680 €L60°0 q col pee Lbl uve Ayisuaq yng 
ded pozeisuy pozein Mid pozeisuy pazein ajqeue A, 
SI[TH ourdnolog OLN 


"8661 Ul STII ourdnosog pure oj] je sjuoUNeey SuIzeI3 10} (egy) XOpul su0d pue (,.W BY) Atsuap YIN soeJING °6°Z BIqUL 


39 


aan 
yeti "i Pe SM 
tee PRY 7° eevestul. Of f; « tad ts 


ee 


an 


ae 


(COLO > d) 9U0Z MOY Puke SuIZeIS Jo sjoayyo ULLUT UAMJOG UONILIDJUT JUROIJIUSIS SaYLOIPUI 9[quLIvA v JO SUIPeYS . 


‘SISATUB UL OPNISUI O} MAJ OO} JO JUasaId jou JOYITA o19M OTA] Je SasseId DANeU-UOU pur STI} outdo ye sadpag , 


‘OL0 > d Je WOSIOIJIP APULSTJIUBIS B1e S19}}9] JUDIOJJIP YIM MOI & UTYJIM SUBIUL ‘[eID}L] & UTUIT AA 


£0 le \l OIG 9'| EG) EW 60 90 
Z8£1°0 r'0 cl $7 g'] pL71'0 10 10 50 0 qio,{ SATeU-UON 
ve Ov 4 Gi WE ST LAG Ce 
ELOT0 06 ac re Ig 8990'0 qere qeore Q1z 20'r qlog aaneN 
90 90 Po) 80 TO a0) im) v0 
pSL70 £0 r'0 10 L0 0L970 10 Z'0 00 Z'0 qniys 
Tl v0 STC (On a0) £0 eal LO 
LSL9‘0 r'0 L0 EI 80 L187'0 10 €0 90 L‘0 swndaT [B}0L 
ve Gs I OS Ons OE (Gn Ore 
ZZSE0 56 89 6S 66 L10S°0 O'€ (as ce cy log [R10 
vl LO 9'0 vl 
LLOL‘0 Ce GA L‘0 rl SSPID PON] FALU-UON 
ve (GG 60 Is cl Sal 0 60 
1790°0 Coen COs Pced«e +000'0 eTp = quo’e qa eb P< SseIH payny ane 
>°6 1'8 o€ 96 BST 319) 
€L67'0 76 991 rol rol -SnoyeuoziyY 2ayeu-UoN 
Lil LG EG WU 6T VTC Uv oC SSPIL) 
1€SL°0 8] Et €] 81 £000'0 Ptihe 249'L BOE = 978 snoyewoziyYy SANeN 
V8 09 OE SL 
SLETO lil 8°81 0°81 eS] -SSPID) 9ANLU-UON 
OC GN SC LG Les (OG Cv bee 
@Zr'0 6€ re 61 ze 94000 Goll 901 Trl 4901 SStIQ 2ANLN 
Vs LEG £0 ve 
L000°0 qe 1'6 BioOle C0 4.99 <:23P2S 
£6 8's Me OL JOS 07 CV OC 
SOre'0 Isl ce E02 SIZ Zr00'0 Q91l 4901 e7rl a90l SSPID [RIO], 
v'6 vv GL 69 9S Ibis LY bY ds 
ISTE‘0 67 9'°0€ 97 CIE 9610°0 Qeg7Z  86rZ FDI 98°02 uray] sjur]q [POL 
AX<d — paqimsipu, Yom, uA, «~—stod AZd — paqimsipuy) oA UAL, «~— tod aqqeie A, 


S][IH{ outdnolog 


OTT 


"8661 Ul SI[TH ourdnosog pure ofl] ye syuouean MOY Joy (wu ]'¢ Jod syuryd) Aytsuap yur[g “OTT GUL 


40 


a») s 


‘ - 
were id i. 7 2 


° tie 
Rr sii acon siete ota a PA agee@ 
ad (h % aed OOS Lay pany peep Oe> emit wien ee Se eG 


‘(OL'0 > d) 9U0Z MOY Pur BuIzZeIS Jo s}aJJo ULL 9} UDIMJaq UONILIDIUT JULSTFIUTIS SEM JIDY} SO}LOIPUT J]QuLIeA B JO SuIpeYys : 
“sIsA[eUe Ul OPN[OU! O} Maj 00} IO JUDSoId JOU JOYIIA d19M OTL Ie Sasseis DALU-UOU pur sT[IF{ ouTdnoIog je saspas F 


‘O10 > d Je JUdlaffIp APULSTJIUDIS 918 $19}}9] JUSIOJJIP YIM MOI B UTYJIM SUBOUT ‘PeIO}e] & UTYIT AA 


Oe C9 c8 ve (Gal v0 L8 oO LI 
SZI10 97 Os £6 g's C8r1'0 90 E0 LG La qio,Jaanjeu-uoN 
06 oll 16 Sl TOL 08 WE 9°9 
1Zr0'0 Pyre GSEl AIG ELC 91070 vil r'6 OL Lvl qlo,J 9ANeN 
96 XS) vil eulat Ce 6S vl SG 
1070 TL VP L‘0 001 6r11'0 07 g"¢ 0 Ee] qnuys 
OT 97 Sx Ot Gal /5@ vy Ol £81 
6L8°0 ot 61 rl vT ZE91'0 €0 01 9'P eel awuNn9T [e}0L 
£8 rl eal (ita! £ Ol 78 cil O91 
8ZL7'0 O'LZ S81 S81 6LT 10€0°0 QIZ@l QL6l 4rll = ePrlz qloJ [BOL 
O9L 981 B1L I G Mil 
8898'0 srl rol I'vl ogi (SSPID Pan], PAVeU-UON 
oer Ol S11 OTI S78! eS (EGE Oe! 
prel0 Gre 901 SL can Or10'0 COS: I S'8t 2 OOl ak ibe SSeID Payny PaNeN 
Pec Lest 091 891 SSPID, 
€L6£'0 67 LOE L'6€ Cie Sno}eUUOZIYY IALU-UON 
Lis 86 18 oe LSA 981 6 Csi SSPID) 
pees0 vp L‘9 o's che €500'0 QS0b 4r9r kTL9 Q@Ep snoyeulozityYy 2ANeN 
PET eg SSl OSI 
OZET'0 L'6€ les g's Livy -«SSPID SANLU-UON 
9S1 sLl 86l Sel 06 98 Casall Lgl 
AKAN 0°92 Sit ZI al ZZr0'0 BSES G6 PL LOPS 40°89 SStIQ dAneN 
09 09 a0) Sl. 
L€00°0 qe pL Pri] 4e0 gprs -23pag 
091 66l l6l cual 68 98 (a O6l ds 
LSO1'0 699 vol 0°69 9°19 96¢0'0 VeSES GEL k7S8 ,4 8°89 uray] SSCID [R}0L 
eee He IN Mae Sd ee ge OI SCN bie ht eth, 
A<d — pagimsipuy, HOM Yuary «=o A<d — paqimjsipu, Yom uA, «~—todg a]qeuie A 
S][IH eutdno10g ol 


a a ee ee ee eee 
"8661 Ul STITH ourdnoio0g pue opy ie syUSULIN, MOY 1OJ (%) IOAOD JURTG “LIZ MQeL 


41 


- oe et pati ee , 


> 
= ————— since maacin 


aie , tie sai tay Ooo 
- ors g Crt hen ® @ wa i ae Wee raacelye 26 pedi ret ao) AAW) aig 


‘DSUAP DIJIUISDIA¥ St SSOU QnId IPT, 
‘O10 > d 8 JUdIaIp APULSTJIUBIS 918 S19}}9] JUSIOJJIP YIM MOL & ULYIIM SUBdUL ‘[eJo}e] & UTYII AA 3 


‘(COLO > d) 9U0Z MOY PUL BUIZLID JO SJOIJJo ULL DY} UIIMJO UOI|IIOJUL JULSIJIUSIS SEA JOY} SOJLOIPUI o[QuLILA ev JO Surpeys 


CLG be 00 vv 
08000 Cts Goo 10°0 qS7 SSOW ANID OPT 
10 Vy 69 ve SE OL 0:07 c Ol 
9190'0 GHA =< Clete C6 2 98 61 6P01'0 Ge 16 TEI OLI punolp aeg 
SG CS 66 cV S67 QL COC 671 
7910'0 GeC16 92 C16 29918. Bo 26 8£50°0 ate OY EN, Za OWT 
Ss? 5 fe ov VC 1°87C CL LY oP ds 
LOVL‘0 st 09 Cel 09 ¢L00°0 P6CS Wltl S956. Ae01 uray PAT] 
AZd —- peqimsipu, YOM OUI, [lods A<d = poqumsipuy) YOM OUI, jtodg ayqeue A, 
S[[IH ourdnos0g Ol 


"8661 Ul STII] outdnos0g pue ofl Je S}UsULIN MOY JOF (%) I9A09 punoIH “E{°Z aque 


‘OL'0 > d Je Wolajsip APULSTIUDIS JIB S19}}9] JUDIAJJIP YJIA MOI & UIYYIM SUIT ‘PeIO}L] & UTUIT AA, - 


POGINJSIPUN O} IL|IUIS DIOL U} ("| O} JOSO[9 ay} ‘oLTerd paqinysipun oO} paredwoo sea duoz paqinjsip yore, 


a0) 90°0 Sl0 Oo 116 O10 L0°0 O10 
9LEE0 990 SLO wo SLO Loze0 v0 SLO” OL0 90 ssouuoag 
110 O10 L0°0 O10 90 8£0 c£0 Sc0 
£180°0 TOS Soca 18 Iu Yue 68r00 OZ BZOT «ELT BZ AyIsIOAI 
00°0 910 9.10 810 00°0 Sl0 cl0 GW ds 
1000°0 voor 4fh0 alco aIr0 1000°0 P0OT 4990 2170 9650 uo AtelTUIS 
12d poqimsipuy, Yom = youary, «tod AZd_— peqimsipuy, oA, our, ~— tod a1qeie A 
S[[!H eurdnos0g THIN 


ee eee ee eee eee eee 
"8661 UI ST[IH ourdnoso0g pur oj ie syudUNVAD MOY 1OJ ssauuaad pue AjISIOAIP ‘AYLLPIUMIG *Z]°Z FTQRL, 


42 


‘wih Arihel 


= 7 © a 
- ————— ee 
WA Oe Vane MIM la oe 7S ie = neers le 4 se age Cees 
7 . 
1 


jay _ ‘ ag ee : —<.o+ 0 @=— ee) ‘ 
. « onient«apmiaeed 


<a 


(O10 > d) 9U0Z MOY PUL SuIzeIS Jo sjoayjo UCU JY} UDIAJOq UONILIIIUT JULIIFIUDIS SEM JIU} S9JLOIPUI a[qelVA & JO SuIpeys - 
‘O10 > d Je Warassip APULSYIUSIS ore SI9}Jo] JUDIJJIP YIM MOI & UTYJIM SULIUT ‘PeII}L] & UTM 


09°0 SM) 19°0 95°) LTO 8r'0 900 LeO 
80£0°0 GE OuG WS CGC q61c cC10°0 GSPC Ee LSs Lava ore Teo (9 (¢-S]) Xepuy sU0D 
9L‘0 8r'0 c8'0 cL‘0 t£0 tL0 9P'0 9€0 
LvyL60 98°] L8'I tow 061 8900°0 TLE OSGe GOL‘? GaSe (ud ¢]-S) Xepuy suo} 
sv0 cs'0 L8°0 L60 LTO c9'0 Sv0 by 0 
p98e 0 orl LOS) I8'T p81 1000°0 4 80°C GS SES EG G38ec (td ¢-0) Xepuy sU0D 
90°0 O10 cL0 €1°0 80°0 80°0 O10 £10 ds 
81000 12.07 e.08:0 ® 060 ® 060 87000 On 392 S0m Ie OOT) LET UE2 WN Aysuog yng 
Pe PU BON aout [tod Bd eas TP ee eM otenT, [lodg ed SEAN 
SI[}H ourdno10g OTN 


"8661 Ul S[[IH ourdnos0g pur opty ye sjusULAN MOY J0OJ (Bq) XOput auoo pur (tw Bj) Aptsuap y[Nq (tuo Y-) B9RJINg “STZ FIqUL 


‘OL'0 > die uasaygIp APULSTYIUSIS aIv SII}J9] JUDIITJIP YJ MOI & UTYIIM SUBOUT ‘[eIO}e] Be UTYITAA 


6l Cl g € bY ve [Efe 61 

esrl0 6 Iv vs 6C c69P 0 vs L9 69 9S has A 
v6 887 v8 Orc SLY U1 8ST SING 

L661°0 vSLi 9PSl 6161 ELL ISLS°0 aS 80L crol 6C8 Sssemlold PoZesp) 
00S 1 SsOl LS9l O8L 406 LUST L10c LOE? 

8c9L'0 6S6S 6695 6179 vOCs 6£00°0 G88tC 46C0b P60PL FW B8rtr SSEULOTY CATT oIso[oxH 
1267 vI9l L89¢ clr €crl 1£6 COPE 0071 as 

C0060 96 6108 tvrs vC6L tcL0'0 q@sore AL06C PB6L8S {FF PCI UeSW ISHN] SmMsoloxy 

aA d poqinjsipuy, = OM 8 Yyouory [tods id pegs PUL OAK ously, jtodg o1QeHeA 
STII ourdns10g ont 


"8661 Ul ST[IH outdno10g 
pue oj] ie syusUeI MOY JOJ (%) UoHezijyn Jeutue pue (ey By) SvaIe poze1s UO SseUOIg (ey 3y) ssetuorg aansojoxo (y Pa NS na, 


43 


aT) eg 
= = _ tom 


cas a <a eee nox reed nal =e) ee eee ee hell ee i 


riT> Trennk MeQuniegh wm che) airs Ne Me eng 


6.0 REFERENCES 


Alberta Environment. 1995. Reclamation criteria for wellsites and associated facilities, 
1995 update. Government of Alberta. Edmonton, Alberta. 62 pp. 

Alberta Ministry of Resource Development. 2000. Annual Report 1999-2000. 
Government of Alberta. Edmonton, Alberta. 134 pp. 

Archer, S. and D.A. Pyke. 1991. Plant-animal interactions affecting plant establishment 
on revegetated rangeland. J. Range Manage. 44(6): 558-565. 

Belsky, A.J. 1986. Revegetation of artificial disturbances in grasslands of the Serengeti 
National Park, Tanzania. J. Ecol. 74: 419-437. 

Belsky, A.J. 1992. Effects of grazing, competition, disturbance and fire on species 
composition and diversity in grassland communities. J. Veg. Sci. 3: 187-200. 

Bork, E.W. and S.J. Werner. 1999. Viewpoint: implications of spatial variability for 
estimating forage use. J. Range Manage. 52(2): 151-156. 

Burton, J.P., K.R. Robertson, L.R. Iverson and P.G. Risser. 1988. Use of resource 
partitioning and disturbance regimes in the design and management of restored 
prairies. In: The reconstruction of disturbed arid lands: an ecological approach. 
E.B. Allen (Ed.). American Association for the Advancement of Science Selected 
Symposium No. 109. Westview Press. Boulder, Colorado. Pp. 46-88. 

Callaghan, T.V., B.A. Carlsson, I.S. Jonsdottir, B.M. Svensson and S. Jonasson. 1992. 
Clonal plants and environmental change: introduction to the proceedings and 
summary. Oikos 63: 341-347. 

Carter, M.R. (Ed.). 1993. Soil sampling and methods of analysis. Canadian Society of 
Soil Science. CRC Press. Inc. Boca Raton, Florida. 823 pp. 

Coffin, D.P., W.K. Lauenroth and I.C. Burke. 1996. Recovery of vegetation in a 
semiarid grassland 53 years after disturbance. Ecol. Appl. 6(2): 538-555. 

Coffin, D.P., W.A. Laycock and W.K. Lauenroth. 1998. Disturbance intensity and 
above- and below ground herbivory effects on long-term (14y) recovery of a 
semiarid grassland. Plant Ecol. 139: 221-233. 

Cook, C.W. and L.A. Stoddart. 1953. The quandary of utilization and preference. J. 
Range Manage. 6: 329-335. 

Connell, JH. 1978. Diversity in tropical rain forests and coral reefs. Sci. 199: 1302- 
1310. 

Crider, F.J. 1955. Root growth stoppage resulting from defoliation of grass. Technical 
Bulletin USDA No. 1102. Pp. 2-23. 

Culley, J.L.B., B.K. Dow, E.W. Presant and A.J. Maclean. 1981. Impacts of installation 
of an oil pipeline on the productivity of Ontario cropland. Land Resource 
Research Institute Agriculture Canada. Ottawa, Ontario. 88 pp. 

D’ Angela, E., J.M. Facelli and E. Jacobo. 1988. The role of the permanent soil seed 
bank in early stages of a post-agricultural succession in the Inland Pampa, 
Argentina. Vegetatio 74: 39-45. 

Dormaar, J.F. and S. Smoliak. 1985. Recovery of vegetative cover and soil organic 
matter during revegetation of abandoned farmland in a semiarid climate. J. Range 
Manage. 38(6): 487-491. 

Environment Canada. 1994. Climate dataon CD Rom. Science and Technology 
Library, University of Alberta. Edmonton, Alberta. 


a4 


> 
eat be wa et ee ee 
= : fDi ea” 
icamgp Gite al? le4.2 « 
: We gqlf e 
pe OF | pale 1 ® @ 
“Fister? 19S 
we : Dri bevy - 
ry | oil : | id 
Sas Pi : 
che Ds 
on b 
’ 1} ik > 5 
G ave re ai a 
a ‘ 
6. 4 Pr. | < i 
“ry ® 
ad 6 ars b q 
we \¢*8 6 —— we ‘ 
@ 2 ae. ’ 
. emg eTOCs 4 v¥ 
are | iy ue 69 


i ~ Tho 


\wOK ta net fe.) ox 


lone! dead WailbGAe ss ut: 


Cwasttliatad) t 


cms vet 3 


7 ahs) o 1s a4 Meyil 
| » 


— 


ees fines Gf 
9 tices 
J Yo 


ie Pa VU oa 
am 
nbe-, welt 


Py ty eine 


oVe be Parry | 


af ay 
i? oT Ret ad aie 
a» 3 
i] 
? 
ad 4 
4 
j 
Fae 
7) hy 
M9 iiss 
A 
"Lied 


Seas! yi 4 
A? in © Ben 


Bz Peed reife 
sy) alalegye G 
Ties cnet ly 
reopen BANA A a ig I 
= was 
nA t esr 
iN deg iy edi boarws tt 
Te a ee | 
inthe, *6 ac ar " 
"raahtS a Pd aon - - 


- E a yt - “a Let ; " of f 
Pre | 
, 5 j 


7 
5 
’ 
a 


J me ‘ 8 9 ater ; 


hei2 Yedual ie MRI am 


a) 


Environment Canada. 2001. Climate data received from Jacques Laflamme, Climate 
Services Consultant, Commercial Weather Services. Edmonton, Alberta. 

Epp G.A. and L.W. Aarssen. 1989. Predicting vegetation patterns from attributes of 
plant growth in grassland species. Can. J. Bot. 67: 2953-2959. 

Gibson, C.W.D. and V.K. Brown. 1991. The effects of grazing on local colonization and 
extinction during early succession. J. Veg. Sci. 2: 291-300. 

Grandin, U. 1998. Long-term studies of succession: colonization and seed banks. Acta 
Universitatis Upsaliensis. Comprehensive Summaries of Uppsala Dissertations 
from the Faculty of Science and Technology. No. 337. Uppsala, Sweden. 35 pp. 

Green, D.M. and J.B. Kauffman. 1995. Succession and livestock grazing in a northern 
Oregon riparian ecosystem. J. Range Manage. 48(4): 307-313. 

Grime, J.P. 1973. Competitive exclusion in herbaceous vegetation. Nature 252: 344- 
347. 

Grime, J.P. 1979. Plant strategies and vegetation processes. John Wiley & Sons. 
Chichester, England. 222 pp. 

Gross, K.L. 1984. Effects of seed size and growth form on seedling establishment of six 
monocarpic perennial plants. J. Ecol. 72: 369-387. 

Holochek, J.L., R.D. Pieper and C.H. Herbel. 1998. Range management: principles and 
practices, 3" edition. Prentice-Hall. New York, New York. 542 pp. 

Hubbell, S.P. 1979. Tree dispersion, abundance and diversity in a tropical dry forest. 
Sete 2032 1299-1309. 

Kent M. and P. Coker. 1992. Vegetation description and analysis: a practical approach. 
John Wiley and Sons. London, England. 361 pp. 

Kerr, D.S., L.J. Morrison and K.E. Wilkinson. 1993. Reclamation of native grasslands 
in Alberta: a review of the literature. Alberta Land Conservation and 
Reclamation Council Report No. RRTAC 93-1. Edmonton, Alberta. 205 pp. 

Levassor, C., M. Ortega and B. Peco. 1990. Seed bank dynamics of Mediterranean 
pastures subjected to mechanical disturbances. J. Veg. Sci. 1: 339-344. 

Looman, J. 1969. The fescue grasslands of western Canada. Vegatatio. 19: 128-145. 

Lowery, B. and R.T. Schuler. 1994. Duration and effects of compaction on soil and 
plant growth in Wisconsin. Soil Till. Res. 29: 205-210. 

Myers, J.L. and A.D. Well. 1995. Research design and statistical analysis. Lawrence 
Erlbaum Assoc. Inc. Hillsdale, New Jersey. 713 pp. 

McKeague, J.A. 1978. Manual of soil sampling and methods of analysis. Canada Soil 

Survey Subcommittee. Can. J. Soil Sci. Ottawa, Ontario. 212 pp. 

Moss, E.H. 1994. Flora of Alberta. 2" edition revised by J.G. Packer. University of 

Toronto Press. Toronto, Ontario. 687 pp. 

Moss, E.H. and J.A. Campbell. 1947. The fescue grassland of Alberta. Can. J. Res. 25: 

209222] 

Naeth, M.A. 1985. Ecosystem reconstruction and stabilization following pipeline 
construction through Solonetzic native rangeland in southern Alberta. M.Sc. 
Thesis. University of Alberta, Departments of Soil Science and Plant Science. 
Edmonton, Alberta. 213 pp. 

Naeth, M.A. 1988. The impacts of grazing on litter and hydrology in mixed prairie and 
fescue grassland ecosystems of Alberta. Ph.D. Disseration. University of 
Alberta, Department of Plant Science. Edmonton, Alberta. 173 pp. 


45 


saA Chied a0 pita wei: 
ae ee. | 


rT? cre ean)! | 
ne 6 ee oy veep rin im< ol 


4 | oe b he 1 Rie 
ao (ES out rau pj | (ERD AY ett ew O 
7 P _ _ an 
ec, Qasihy jit rape i a te 2 ant¥ Ve 
’ a 


> ~' |. am e (ie 


9.» ahd TL eee 


+6 
: we (ctieS ists 7 @ 


or 7)irial 


poe AL. 
“oP t , 
i > Teves a 
se 11 - pe lane 
at S9RO2 IT NTP ean 
fs aia as ey ket, : at | is | ‘tg pad 
am eae dau @ 4 ' io j eee ttre 
muerte 4." all paticd. WY esa Titwnee 
Peck el wo 
DAT OWNS Y : | Ae 
Se a | a 
PO TS a aye | 
=sywvya) »® a inaede : & aT ‘ 
a”) a) i 


thet Someta) Heartbeats [ee ea 
; ft at ahr! ne * val A 
© puna | ahi ih er 


G2 eel 1 et) arent) to wre) 


DO witty 
wh BOY G 
a 


PU ek LL 


7 


Naeth, M.A., W.B. McGill and A.W. Bailey. 1987. Persistence of changes in selected 
soil chemical and physical properites after pipeline installation in Solonetzic 
native rangeland. Can. J. Soil Sci. 67: 747-763. 

Naeth, M.A., D.J. Pluth, D.S. Chanasyk, A.W. Bailey and A.W. Fedkenheuer. 1990. 
Soil compacting impacts of grazing in mixed prairie and fescue grassland 
ecosystems of Alberta. Can. J. Soil Sci. 70: 157-167. 

Naeth, M.A., A.W. Bailey, D.J. Pluth, D.S. Chanasyk and R.T. Hardin. 1991a. Grazing 
impacts on litter and soil organic matter in mixed prairie and fescue grassland 
ecosystems of Alberta. J. Range Manage. 44(1): 7-12. 

Naeth, M.A., D.S. Chanasyk, R.L. Rothwell and A.W. Bailey. 1991b. Grazing impacts 
on soil water in mixed prairie and fescue grassland ecosystems of Alberta. Can. J. 
porsche] ba313-325% 

Naeth, M.A. and D.S. Chanasyk. 1995. Grazing effects on soil water in Alberta foothills 
fescue grasslands. J. Range Manage. 48(6): 528-534. 

Naeth, M.A., A.T. Lees, J. Bietz, B.D. Irving and A.W. Fedkeneuer. 1997. Rangeland 
and revegetation monitoring on two pipeline rights-of-way in southern Alberta. 
NGTL Environmental Research Monographs, No. 1997-2. NOVA Gas 
Transmission Ltd. Calgary, Alberta. 58 pp. 

O’Connor, D.A. 1991. Local extinction in perennial grasslands: a life-history approach. 
Amer Nat, 137: 753-773) 

Peterson, R.G. 1994. Agricultural Field Experiments: design and analysis. M. Dekker. 
New York, New York. 409 pp. 

Pickett, S.T.A. and P.S. White. 1985. The ecology of natural disturbances and patch 
dynamics. Academic Press. New York, New York. 472 pp. 

Prach, K. and P. Pysek. 1994. Clonal plants — what is their role in succession? Folia 
Geobot. Phytotax. 29: 307-320. 

Puerto, A., M. Rico, M.D. Matias and J.A. Garcia. 1990. Variation in structure and 
diversity in Mediterranean grasslands related to trophic status and grazing 
intensity. J. Veg. Sci. 1:445-452. 

Samuel, M.J and R.H. Hart. 1994. Sixty-one years of secondary succession on 
rangelands of the Wyoming High Plains. J. Range Manage. 47: 184-191. 

Smith, D. 1986. Rangeland revegetation reference areas on the Milo lateral and 
Porcupine Hills line. Prepared for NOVA, An Alberta Corporation. Calgary, 
Alberta. 20 pp. 

Smoliak, S., R.A. Wroe and A. Johnston. 1976. Alberta range plants and their 
classification. Alberta Agriculture. Agri-Fax Agdex 134/06. Edmonton, Alberta. 
7 pp. 

sees: T.J., L.D. Schell and B. VandenHeuvel. 1999. How grazing and soil quality 
affect native and exotic plant diversity in Rocky Mountain grasslands. Ecol. 
Appl. 9(1): 45-64. 

Tannas, K. no date. Common plants of the western rangelands, volume 1: grasses, grass- 
like species, trees and shrubs. Curriculum and Instructional Development 
Services, Lethbridge Community College. Lethbridge, Alberta. 309 pp. 

Tilman, D. 1994. Competition and biodiversity in spatially structured habitats. Ecol. 
POUL) 220: 


46 


Lv a eee pli 
Aaeth PA Selene hate my 
eee ee 


ae : a 
veg mebealind ten ion 14 


\ i=l F rod oe ) en 
GUS yes . Hat 
ee. 
nee ow hho r< | + - oo Ye Spi 
Tee | " 2 ea Ae 4. eA 7 Aan oy) an 
Peace Tovase! i Be or i od ye ban 
yegle eb}, i > ; ran a a Seis 
patird ara 
ee > rr oe AA al 
Vamp Sg Bs<) ind em ame ation: 0 manta 


mids 
‘1 ) Manley, 


air ims 
plasm 
na ll EOF 


ye Gl 


Thompson, P.J., I.J. Jansen and C.L. Hooks. 1987. Penetrometer resistance and bulk 
density as parameters for predicting root system performance in mine soil. Soil 
Sci. Soc. Am. J. 51: 1288-1293. 

Vallentine, J.F. 1990. Grazing management. Academic Press. Toronto, Ontario. 533 
Pp. 

Whitman, W.C., H.T. Hanson and G. Loder. 1943. Natural revegetation of abandoned 
fields in Western North Dakota. In: Recovery of vegetative cover and soil 
organic matter during revegetation of abandoned farmland in a semiarid climate. 
Dormaar, J.F. and S. Smoliak. 1985. J. Range Manage. 38(6): 487 — 491. 

Wikeem, B.M. and M.D. Pitt. 1991. Grazing effects and range trend assessment on 
California bighorn sheep range. J. Range Manage. 44(5): 466-470. 

Willms, W.D., S. Smoliak and J.F. Dormaar. 1985. Effects of stocking rate of a rough 
fescue grassland vegetation. J. Range Manage. 38: 220-225. 

Willms, W.D., S. Smoliak and A.W. Bailey. 1986. Herbage production following litter 
removal on Alberta native grasslands. J. Range Manage. 39(6): 536-540. 

Zink, T.A., M.F. Allen, B. Heindl-Tenhunen and E.B. Allen. 1995. The effect of a 
disturbance corridor on an ecological reserve. Res. Ecol. 3(4): 304-310. 


47 


Grait 
Pagid hi} 2 
B1TS Ses , ORs « re) 
mi «ad ree) ‘ 
eae). Keep 
mole SIL ce ee ee 
lial 4 ‘wi rte aoe 


Iii. PLANT COMMUNITY DEVELOPMENT OVER TWELVE YEARS AFTER 
PIPELINE CONSTRUCTION ON NATIVE RANGELAND 
IN SOUTHERN ALBERTA 


1.0 INTRODUCTION 


Plant community change - succession, can involve species replacements, shifts in 
population structure and changes in resource availability. Clements (1916) first described 
succession as a process involving stages of component processes, an approach used by 
many to explain succession under a variety of environmental conditions. The theory 
behind relay floristics, developed from his work, is that one group of species establishes 
and then is replaced by another group until a stable state is reached. But this theory may 
not adequately describe the process of succession (Luken 1990). Egler (1954) 
determined initial floristics was an important factor in plant community development. 
Absence of a species in the original propagule pool means it will not be part of 
succession or it will become a part only slowly. If the propagule pool can be manipulated 
early in succession, the mix of plant species participating in succession can be modified. 
Succession as a process, such as plant species sorting along a gradient of resources was 
popularized by Drury and Nisbet (1973). Because each species has a unique optimum for 
growth or reproduction and because resource availability changes, species replacement 
occurs with time. Pickett (1976) expanded this argument by incorporating competition 
into the resource-time gradient. Connell and Slatyer (1977) further developed 
explanations of succession by proposing three models: facilitation, tolerance and 
inhibition. Inhibition appears to have the most supportive evidence (Luken 1990). 

Three general components of succession are site availability, differential species 
availability and differential species performance (Pickett et al. 1987). Humans have 
modified all three to direct succession. Designed disturbances alter site availability; 
controlled colonization, such as use of seed bank or seeding, can enhance differential 
species availability or establishment of certain species. Controlling species performance 
by decreasing or enhancing growth will influence what persists in the plant community. 

This study addressed all three components of succession. The right-of-way 
(ROW) is a designed disturbance. Site availability can be different on all three disturbed 
zones (trench, work and spoil). The trench is characterized by low soil bulk density and 
high % bare ground. The work zone is often compacted. The spoil zone does not 
undergo the compacting effects of the work zone, but storage of soil, with subsequent 


replacement can cause compaction and scalping. Species colonization was modified by 
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conserving the natural seed bank by saving topsoil and augmenting the species pool by 
seeding the ROW. Availability of species at a site is ultimately controlled by propagules 
present or by propagules that arrive quickly from other sites. 

After plant species are established, processes or conditions giving rise to 
differential species performance include life history, intra- and interspecific competition, 
allelopathy, predation and herbivory. Grazing was initiated immediately after pipeline 
construction and seeding. A species’ response to grazing will affect its life span and 
dominance within the plant community. Niering (1987) indicated there are no stable 
plant communities and all communities are experiencing successional processes at all 
times. Since the three components of succession were modified, it should be possible to 
determine the successional pathway. Disturbances contribute to long-term maintenance 
of ecological diversity but can also disrupt dynamic cycles and lead to dramatic and 
irreversible changes. Understanding the response of communities to both repeated and 
new disturbance regimes is necessary to predict potential changes that could occur. 

Plant functional classifications can be used to explain these changes. Functional 
groups are commonly based on morphological, physical or ecological traits not 
necessarily linked to taxonomic attributes (Harris 1995, Montalva et al. 1991). Several 
non-taxonomic classes have been developed including growth form, phenology or 
germination behaviour. Keystone and critical link species have been identified as species 
significant to understanding complex patterns of diversity in the plant community. 
Although many scientists believe universal classification of functional groups is 
irrelevant since function may be specific to a region or set of conditions (Noble and Gitay 
1996, Woodward and Cramer 1996) they are widely used in vegetation ecology studies 
(McIntyre et al. 1999). Dyksterhuis (1949) grouped plants as decreasers, increasers or 
invaders in their response to herbivory; we still use these groups as an indicator of range 
condition. Models for land management strategies, such as fire or grazing, use functional 
groups to address vegetation response to specific disturbances (Noble and Slatyer 1980, 
Noble and Gitay 1996). Plants are generally divided based on growth form (for example, 
grasses/sedges, forbs and shrubs) with further subdivisions into annual and perennial life 
cycles (McIntyre et al. 1999). Researchers have grouped species according to 
morphology: height, lateral spread or position of dormant buds as developed by 
Raunkiaer (1934). Grazing-related traits, such as secondary compounds, hairiness, 
position of active buds, or plasticity in response to defoliation have been used as 
classification criteria (McIntyre et al. 1999). Characteristics such as seed size, seed 
dispersal method, fecundity or vegetative reproduction are also functionally relevant as 


well as their contribution to ecological process (e.g. nitrogen fixation). 
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For this research, species were grouped according to growth form and life cycle, 
with grasses further subdivided by reproductive method. Legumes were identified as 
being functionally important because of their ability to fix nitrogen and contribute to 
community advancement through nutrient cycling. Because the study was on native 
rangelands where invasion of non-native species is a hazard, grasses, forbs and legumes 


were separated into native and non-native. 
2.0 OBJECTIVE 


The objective of this study was to determine if the plant community, as defined by 
functional groups, would develop similarly regardless of grazing by ROW treatment over 


an 11 to 12 year period. 
3.0 MATERIALS AND METHODS 
3.1 Background 


In 1986, a long-term project was initiated by NOVA Gas Transmission Ltd. to 
monitor revegetation of pipeline ROWs on native rangelands in southern Alberta. Two 
natural gas pipeline laterals (Milo and Porcupine Hills) were studied with four sites on 
each lateral (Figure A.1). The Milo lateral crosses the Dry Mixed Grass and Mixed Grass 
Ecoregions. The Porcupine Hills lateral traverses the Aspen Parkland, Fescue Grassland 
and Montane Ecoregions of southwestern Alberta. Experimental design was split-block 
(Peterson 1994) with four levels of ROW (work, trench, spoil, undisturbed) assigned to 
strips of plots running through the block in one direction across the breadth of the ROW. 
Levels of grazing (grazed, ungrazed) were applied to strips of plots perpendicular to the 
ROW strips (Figure A.2). A complete history of the project, site descriptions for Milo 
and Porcupine Hills laterals and experimental design are discussed in detail in Chapter 2, 


Sections:3:1 1013.3. 
3.2 Field Measurement of Species and Ground Cover 


Thirty meter line transects, parallel with the ROW, were established in each 
treatment after pipeline construction in 1986 at Milo and 1987 at Porcupine Hills. Thirty 
permanent quadrat locations along each transect were randomly selected prior to 
initiation of the study (Naeth et al. 1997). From 1988 to 1991, vegetation was assessed 
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within the 30, 0.1 m? quadrats, using cover classes and associated midpoints (Table 3.1). 
Species and associated cover classes for each quadrat were recorded during peak growing 
season, generally late July or early August. 

Vegetation data collected from 1988 to 1991 were converted from cover class to 
midpoint for each quadrat and averaged so there was one data set (multiple species) for 
each plot. Individual species canopy covers were added together to determine total 
percent vegetation cover for each plot. Relative cover for each species was calculated as 
its cover divided by total cover because total cover varied from below 50 to over 140%. 
For this research relative cover of species to each other within a plot was more important 
than its absolute cover. Cove data was collected once again 1998 To be consistent with 
data collected in previous years, the data were converted to cover classes then 
transformed into midpoint values, and total cover and relative cover were calculated as 
previously stated. 

Ground cover was visually assessed in each treatment using 30 0.1 m* quadrats 
from 1988 to 1991 and ten 0.1 m* quadrats in 1998. Ground cover was divided into live 
plant (excluding little club moss), little club moss (Selaginella densa Rydb.), lichen, litter 


(including manure), bare ground and rocks. 
3.3 Species Grouping into Functional Groups 


Species were grouped into functional group categories: native grass, non-native 
grass, native rhizomatous grass, non-native rhizomatous grass, native tufted grass, non- 
native tufted grass, sedge, native forb, non-native forb, annual forb, perennial forb, native 
legume, non-native legume and shrub. A list of species within each group Is given in 


Appendix D.1. Taxonomic nomenclature is from Moss (1994). 


3.4 Statistical Analyses 


Regression analysis (with a factor) was used to test for significant differences in 
slope and intercept among grazing by ROW treatments (grazed spoil, grazed trench, 
grazed work, grazed undisturbed, ungrazed spoil, ungrazed trench, ungrazed work, 
ungrazed undisturbed). Vegetation cover was the dependent variable, while year was the 
independent variable. During analysis, three questions were asked. The first question 
was whether variables were best described by a distinct or parallel line model. 
Regression analysis was used to calculate R-squared and sum of squares for both the 


distinct and parallel line models. With that statistical output, the pairs of models were 
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compared. Comparison of the models is equivalent to testing to accept or reject Ho 
(slope = slope 1 = slope 2...). The second question was if Ho is accepted (i.e., data are 
best described by the parallel line model) then are the intercepts different? If Ho is 
rejected (data are best described by the distinct line model) then the third question was 
which treatments have different slopes? Treatments with common slopes and/or 
intercepts were grouped together for discussion purposes. SAS 6.12 was used to 


determine regression models and to perform contrasts. 
4.0 RESULTS AND DISCUSSION 

4.1 Species Composition 

4.1.1 Grasses 

4.1.1.1 Rhizomatous Grasses 


Grazing by ROW treatments significantly impacted native rhizomatous cover at 
both Milo and Porcupine Hills as well as non-native rhizomatous cover at Porcupine Hills 
(Table 3.2). Trenching was beneficial to development of rhizomatous grasses, they 
increased at a greater rate on the grazed and ungrazed trenches compared to other zones. 
The increase at Porcupine Hills was due to northern wheat grass (Agropyron 
dasystachyum (Hook.) Scribn.), an increaser, comprising 15% of the seed mix used on 
the lateral. Dominant native rhizomatous grasses at Milo were northern and western 
wheat grass (Agropyron smithii Rydb.). Both grasses are present in undisturbed prairie, 
are increasers and made up 50% of the seed mix (Table 2.1). Non-native rhizomatous 
grasses at Porcupine Hills, dominated by Kentucky bluegrass (Poa pratensis L.) showed 
a similar trend as native rhizomatous grasses. Non-native rhizomatous grasses at Milo 
were too few to measure. This difference between laterals is likely due to the higher 
moisture at Porcupine Hills, which facilitates rapid invasion by opportunistic species like 
Kentucky bluegrass. 

Rhizomatous species encroachment is often important in revegetation of small 
grassland disturbances (Bullock et al. 1995, Kotanen 1996). The role of clonal dispersal 
in succession is evidenced in early and late stages due to rapid capture of space following 
disturbance (Waller 1988) and rapid filling of gaps in relatively closed vegetation cover. 
On both laterals, the trench had a steady increase in rhizomatous grasses. Movement of 


clonal species such as western and northern wheat grass at Milo and Kentucky bluegrass 
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at Porcupine Hills onto the trench would be anticipated since available space is high and 
soil density low (Table 2.14) allowing unimpeded rhizome movement. 

Clonal species can play an important role as mid-successional species (Grime 
1979, Gray et al. 1984) but the high number of rhizomatous grasses from the beginning 
of the project supports the theory that clonal species play an important role from the onset 
of succession (Prach and Pysek 1994, Walker and Chapin 1987, Waller 1988). In 
secondary succession, plants having the ability to survive disturbance by means of 
vegetative propagules are favoured in early stages (Walker and Chapin 1987). Localized 
disturbance and spatial heterogeneity of habitat can be buffered by young ramets of 
clonal species because they are supported by parent plants (Callaghan et al. 1992). Non- 
clonal species can obtain peak cover sooner than clonal species but clonal species are 
likely to dominate and maintain dominance after disturbance (Prach and Pysek 1994). 
While clonal species may dominate, Prach and Pysek (1994) concluded there was no 


simple and unambiguous pattern of succession displayed by clonal plants. 
4.1.1.2 Tufted Grasses 


Treatments impacted native and non-native tufted grasses similarly (Table 3.2). 
ROW negatively impacted tufted grasses at Milo and Porcupine Hills. Disturbed zones at 
Milo had significantly lower initial cover of native tufted grass and did not change with 
time, whereas at Porcupine Hills there was no initial impact but there were significant 
differences over time (Table 3.2). Initial cover at Porcupine Hills for all treatments 
ranged from 25 to 35%. 

The reason no significant differences occurred with native tufted grasses was the 
presence of slender wheat grass (Agropyron trachycaulum (Link) Malte) in the seed mix. 
Slender wheat grass made up 10% of the seed mix and was the dominant grass in 
disturbed zones at the beginning of the study, with the trench having the highest cover 
followed by spoil and work zones then undisturbed prairie (Table 3.3). Slender wheat 
grass cover declined in all disturbed zones and by year 11 there was little left on any 
treatments. These results support research indicating this grass is aggressive (Bush 1998) 
and short-lived. Other tufted species (June grass (Koeleria macrantha (Ledeb. J.A. 
Schultes f.)) and rough fescue (Festuca campestris Rydb.)) were seeded on the ROW, but 
did not establish in the community. June grass and rough fescue had low colonizing 
ability and/or lacked early competitive ability. While there was no significant difference 


in initial cover of native tufted grasses, both fescue (Festuca L.) and needle grass (Stipa 
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L.) had significantly lower cover on disturbed zones than on undisturbed prairie (Table 
3,5). 

Seeding native tufted grasses had no influence on species composition at Milo. 
Slender wheat grass and alkali grass (Puccinellia nuttalliana (Schult.) A.S. Hitchc.) made 
up 42% of the seed mix at Milo (Table 2.1) but were not successful at establishing and 
surviving. This does not appear to be that unusual; research in the Aspen Parkland, 
Mixed Grass and Dry Mixed Grass Ecoregions found many seeded species did not 
establish (Bush 1998, Petherbridge 2000, Pitchford 2000). This would appear to 
contradict work done by Samuel and Hart (1994) who concluded many species are 
adapted to early establishment on disturbed sites if an adequate seed supply is provided. 
Only slender wheat grass on the ungrazed trench contributed substantially to cover where 
they constituted half the tufted grass cover. The trench was uncolonized initially and 
thus, would have facilitated the larger initial increase in slender wheatgrass. Persistence 
of native tufted plants into year 12 was dependent upon their ability to survive 
construction and/or establish quickly from the seed bank or seed rain since seeded species 
did not contribute. Dominant native tufted grasses at Milo were needle and thread grass 
(Stipa comata Trin. & Rupr.) and western porcupine grass (Stipa curtiseta (A.S. Hitchc.) 
Barkworth). Also persistent were Sandberg bluegrass (Poa sandbergii Vasey) and June 
grass. 

While grazing is an important factor affecting species composition in grasslands 
(Coupland et al. 1960), it did not play an important role in this study. Work done by 
Gibson and Brown (1991) found the effects of grazing on colonization was concentrated 
in the first few years after disturbance. ROW disturbance could have masked effects of 
grazing early in the study, when grazing effects had the greatest differences. Though 
dominant tufted grasses on the ROW at Milo could be classified as decreasers (Smoliak 
et al. 1976), grazing did not negatively impact their development. This could be due to 
proper grazing management of the sites. Grazing at two of the four sites occurred in the 
fall, which encourages survival of needle grasses. The other two sites were subjected to 
various grazing regimes, but stocking rates were generally low. Only relatively heavy 
grazing can have the ability to substantially change succession as it increases both 
establishment and extinction (Gibson and Brown 1991). There were similar results with 
fescue and needle grass and non-native tufted grasses (timothy (Phleum pratense L.) and 
sheep fescue (Festuca ovina L.)) at Porcupine Hills. Non-native tufted species increased 
prominently at Porcupine Hiils initially, but didn’t change thereafter, indicating they are 


persistent once established. 
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Lack of grazing in the Porcupine Hills can result in litter accumulation. After 12 
years, ungrazed treatments had an average of 8500 kg ha’ of litter (Table 213) saGross 
(1984) determined excess litter was detrimental to small-seeded species establishing. 
Similarly, Green and Kaufmann (1995) concluded competitive or competitive stress- 
tolerant species were favored in ungrazed moist meadows. Species reproducing by seed 
would be disadvantaged by a thick litter layer that would impair seed/soil contact and 


increase potential for seed predation and disease. 
4.1.2 Sedges 


Treatments affected the sedge community at Milo (Table 3.4). Treatments 
subjected to the most physical disruption had fewer sedges. Initial cover of sedges in the 
grazed/ungrazed trench and the grazed spoil zone was significantly lower than in other 
zones, which indicated that sedges are intolerant of severe disturbance and do not readily 
colonize bare soil. The initial cover in the grazed spoil zone was similar to the trench due 
to scalping at sites M1 and M2. Sedge cover remained low on these three treatments for 
the duration of the project. The high initial cover of sedges on the work zone compared 
to spoil zones could be from increased surface soil density but it could be that sedges on 
the spoil zone were disadvantaged. Even ungrazed spoil treatments (which had no 
scalping) had less than half the cover of work zones. Covering sedges with topsoil and 


subsoil may have been detrimental to growth. 
4.1.3 Forbs 


Treatments significantly impacted forb cover at Milo and Porcupine Hills (Table 
3.5). ROW affected forb cover more than grazing as indicated by treatments being 
grouped according to ROW zone and not by grazing. Generally, for both Milo and 
Porcupine Hills, the more severe the disturbance the higher the initial cover of forbs. For 
example, the trench had the highest cover of non-native and annual forbs at Milo and 
Porcupine Hills. Similarly, native and perennial forbs at Milo were highest on the trench. 
However, this trend was not observed with native or perennial forbs at Porcupine Hills 
where there was equal cover by native or perennial forbs on all ROW zones. Generally, 
forbs decreased in cover over the course of the project. 

Native forb cover at Milo was impacted by grazing by ROW treatment, whereas 
at Porcupine Hills it was not (Table 3.5). At Milo, the trench had the highest native forb 


cover intially, followed by spoil, work, then undisturbed zones. Forbs that dominated 
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early (pasture sage (Artemisia frigida Willd.) and scarlet mallow (Sphaeralcea coccinea 
(Pursh) Rydb.)) tended to persist into year 12, but cover decreased in all treatments with 
the greatest decrease at the trench regardless of grazing treatment. At Porcupine Hills, 
there were no significant differences among treatments in initial cover or change over 
time of native forbs. Thus severity of disturbance (trench vs. work vs. spoil) did not 
impact native forbs. Trends for perennial forbs at Milo and Porcupine Hills followed 
native forb trends. 

Grazing by ROW treatments impacted non-native forbs differently at Milo than 
Porcupine Hills (Table 3.5). The patterns for non-native forb are similiar between 
laterals though, with the exception that spoil and work zone at Milo weren’t encroached 
as they were at Porcupine Hills; this is likely due to the more mesic environment at Milo. 
Milo vegetation on spoil and work areas is more resistent to forb increasers, however at 
Milo forbs on the spoil did increase after 1988 indicating resistance is lower in the long 
term. At Milo, initially the trench had significantly more non-native forbs than other 
zones of the ROW and the spoil and work zones were not significantly different from 
undisturbed prairie. At Porcupine Hills, there were no significant differences among 
disturbed treatments with all three disturbed zones significantly different than 
undisturbed prairie. Thus, statistically all disturbances had the same initial impact. 
However, there were ecological differences with the trench having the highest cover, and 
spoil and work zones having similar, lower cover. At Milo, non-native forbs increased 
with time on grazed and ungrazed spoil treatments. The increase was due to alfalfa 
(Medicago sativa L.) growth between years 5 and 12 on sites M1 and M3. It is unclear 
why alfalfa increased on both grazed and ungrazed treatments, and why it would increase 
on the spoil zone, while on other ROW zones it was stable or decreasing. Stocking rates 
and grazing times at the four Milo sites did not explain differences among sites. On the 
other six treatments, non-native forbs decreased and cover on those treatments was 
similar by year 12. At Porcupine Hills, non-native forbs decreased at similar rates on all 
treatments. Preventing establishment of non-native forbs at time of disturbance would be 
a benefit that would carry through to subsequent years in the Porcupine Hills. 

Annual forbs behaved similarly at Milo and Porcupine Hills and decreased over 
time. At the beginning of the study, annuals (most notably lamb’s quarters 
(Chenopodium album L.) at Milo and stinkweed and common knotweed (Thlaspi arvense 
L. and Polygonum aviculare L., respectively) at Porcupine Hills), comprised most of the 
total forb cover on grazed/ungrazed trenches. Annuals often play an important role in 
community development. Some research indicates an increase in annual species often 


comes at the expense of perennials (Bush 1998, McGinley and Tilman 1992, Kotanen 
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1997) but Crawley (1987) concluded coexistence of annuals and perennials is possible. 
Continuance of both annual and perennial forbs at both Milo and Porcupine Hills would 
support Crawley’s conclusion. Annuals can colonize a site early after disturbance 
because they generally are prolific seed producers and constitute a high percentage of 
seed bank species (Donelan and Thompson 1980, Grandin 1998, Kotanen 1997, Zink et 
al. 1995). While they can colonize a site quickly, their competitive ability is poor. At 
both Milo and Porcupine Hills, annual species declined quickly and by the end of the 
study had reached predisturbance levels in all disturbed treatments. 

Many forbs at Milo and Porcupine Hills developed from the seed bank and/or 
seed rain since they were not in the seed mix. Though disturbance was severe, topsoil 
was salvaged and replaced thus allowing seed bank species to germinate. At Milo, 
pasture sage contributed less than 5% cover in undisturbed prairie, but in the first year 
after disturbance made up almost 25% cover on the trench. There were similar results at 
Porcupine Hills. Early dominance and then a decline of pasture sage on the ROW at 
Milo was also noted by Naeth (1988). Research conducted on the same plots showed a 
significant increase in forbs on disturbed zones versus undisturbed prairie the first four 
years after construction (Naeth et al. 1997). Species recruitment on disturbed zones was 
likely due to seed rain since studies of perennial grasslands found low similarity between 
seed bank and vegetation (Levassor et al. 1990, D’ Angela et al. 1988), especially with an 
increase in successional age (Grandin 1998). Pasture sage, may be an exception to this, 


and could have persisted in the soil. 
4.1.4 Legumes 


Management of legumes could be difficult because there was no clear legume 
response to grazing by ROW treatments (Table 3.6). On both laterals, native legumes did 
not recover quickly, and in the Porcupine Hills they tended to decrease over time. 
Treatments did not impact initial cover of native legumes with the exception of the 
grazed work treatment at Milo. Although initial cover of native legume was statistically 
higher on the grazed work treatment (4.30% vs. average of 0.60%), the difference was 
small and likely not ecologically significant. 

Non-native legume cover tended to increase with grazing by ROW treatment at 
both Milo and Porcupine Hills (Table 3.6). At Milo, the ungrazed trench treatment and 
undisturbed prairie stayed constant, whereas the grazed spoil and trench and ungrazed 
spoil treatments increased in cover. At Porcupine Hills, the ungrazed spoil treatment had 


higher initial cover of non-native legumes (non significant) but it decreased with time, so 
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by year 11, there were few differences among treatments. On the Porcupine Hills lateral, 
alfalfa (Medicago sativa L.), which had been seeded on the ROW, was the dominant non- 
native legume in the first few years of study. By year three alfalfa was almost eliminated 
and between years 4 and 11, clover (Trifolium L.) became dominant and was increasing 

in all treatments except the ungrazed spoil. Clover is a classic an increaser/invader in the 


fescue grassland and the Aspen Parkland. 
4.1.5 Shrubs 


At Porcupine Hills, protection from grazing numerically increased shrub cover 
(Table 3.7). Trench and work zones started with few shrubs and recovery was slow. 
Those zones could have been too disturbed to re-establish shrubs in the time frame of this 
study. Grass cover on the trench could also have hindered re-establishment of shrubs. In 
the absence of grazing and fire, it has long been recognized that fescue grassland would 
revert “back” to shrub/tree community on mesic sites. At Milo there were too few shrubs 


to test for treatment differences. 
4.2 Ground Cover 


Grazing by ROW treatments significantly affected ground cover at Milo and 
Porcupine Hills (Table 3.8). ROW had more of an impact on bare ground as differences 
were grouped according to ROW zone and not by grazing. At the beginning of the study, 
spoil and trench zones had the most bare ground, while undisturbed had the least. Bare 
ground decreased with time for all treatments and by years 11 and 12 approached zero at 
both Milo and Porcupine Hills. At Milo, bare ground on work zones increased before it 
decreased (significant quadratic equation). 

Initial low bare ground on work zones was due in part to more little club moss on 
the work zones at the onset of the study. Little club moss on the work zone would not 
have been removed as it was on the trench, or scalped or buried as was possible on the 
spoil zone. While it did not survive into the following seasons, it was present and so 
reduced the bare ground cover. When little club moss started to die, bare ground 
increased until other plants grew and contributed to live and litter cover. Little club moss 
cover on all disturbed zones remained low throughout the duration of the study (Table 
3.8). 

Grazing by ROW treatment affected litter cover (Table 3.8). Treatments sorted 


themselves according to ROW zone with grazed/ungrazed spoil, trench and work 
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treatments being different from grazed/ungrazed undisturbed treatments. Disturbed 
portions of the ROW increased in litter more quickly than undisturbed prairie due to the 


large tufted slender wheat grass plants that quickly became established after construction. 
4.3 General Climatic Considerations 


There were few non-native species at Milo. Non-native annuals present early in 
the study had been almost eliminated by year 12 and there were few non-native plants in 
the surrounding plant community. Lack of invasion of non-native species at Milo could 
be attributed to inability of most non-native species to adapt to the harsh growing 
conditions. Many parts of the fescue grassland are dominated by non-native species, 
most notably Kentucky blue grass, timothy and smooth brome (Bromus inermis Leyss.) 
and clover. Invasion of these species into rough fescue-dominated areas 1s of concern. 

Vegetation at Milo often undergoes moisture stress whereas at Porcupine Hills, 
moisture is not limiting. Vegetative and sexual reproduction can be greatly affected by 
soil moisture. Laycock (1991) concluded blue grama grass could not reproduce due to 
insufficient precipitation. Coffin et al. (1996) indicated establishment of vegetation was 


not only dependent on disturbance conditions but also on micro-scale climate. 
5.0 CONCLUSIONS 


- Trenching was beneficial to the development of rhizomatous grasses. 

- Right-of-way disturbance negatively impacted tufted grasses at both Milo and 
Porcupine Hills. Initial cover of native tufted grasses at Milo was higher than on 
undisturbed prairie, but change over time of native tufted grasses was not impacted at 
Milo. At Porcupine Hills, there was no difference in initial coverage, but ungrazed 
spoil and trench decreased coverage more rapidly than the other treatments. 

- Treatments subjected to the most physical disruption had fewest sedges at the onset of 
the project and all treatments had similar recovery rates. 

. Right-of-way impacted forb cover as indicated by treatments being grouped 
according to ROW zone. Generally, for both Milo and Porcupine Hills, the more 
severe the disturbance, the higher the initial cover of forbs. 


» Native legumes did not recover quickly from ROW disturbance and in the Porcupine 


Hills, they tended to decrease with time. 
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- At Porcupine Hills, not grazing increased shrub cover. 

« Right-of-way impacted bare ground as differences were grouped according to ROW 
zone and not by grazing. Amount of bare ground decreased with time for all 
treatments and by years 11 and 12 bare ground approached zero at both Milo and 


Porcupine Hills. 


Table 3.1 Midpoint and cover classes for species composition data 
collected from 1988 to 1991 at Milo and Porcupine Hills. 
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IV. IMPACT OF NATIVE AND NON-NATIVE SEED MIXES ON 
REVEGETATION AFTER PIPELINE CONSTRUCTION IN 
SOUTHEASTERN ALBERTA 


1.0 INTRODUCTION 


Activities associated with agriculture, grazing and the energy industry have 
altered large tracts of native rangeland in southeastern Alberta. Pipelining causes intense 
local disturbance by removal of vegetation and disturbance to soil strata. Following 
disturbance, efforts are often undertaken to attempt to speed up the revegetation process; 
these often involve seeding of native and/or agronomic species. Revegetation of these 
areas by species selected for specific characteristics (i.e. high biomass) are often used in 
revegetation, but they may not be the most effective. As well, reclamation of disturbed 
lands in southeastern Alberta is limited by low rainfall, severe summer and winter 
temperatures, soil characteristics and grazing practices. 

Native plants occur naturally within a region and are adapted to local climates and 
habitats. Linhart (1995) indicated the term native is ambiguous and suggested the use of 
scientific names as criteria for native determination is incorrect. The same species can 
come from many different parts of the world. Just because two plants have the same 
scientific name, does not make them “equal under the laws of revegetation” (Linhart 
1995). Cooper (1957) observed that ecotypes can be moved 400 to 480 km north or 160 
to 240 km south of their point of origin, and assuming similar soil and climatic 
conditions, still give satisfactory performance. Linhart (1995) was much more 
conservative and suggested a move of no more than 100 meters for herbaceous plants. 

It is not uncommon to hear native species are more adapted to poor soil conditions 
or require fewer management inputs than agronomic species. Their ability to grow in 
compacted or nutrient-poor soils is often touted. The ability for seed to germinate and 
then establish is the first step in a long process of survival. In a semi-arid climate, 
Franklin (1981) found most seeds either failed to germinate or failed to survive the 
establishment year if they did germinate on a disturbed site. A plant native to a disturbed 
area has adapted its life strategy to survive and as such, should be more suited for 
revegetation in that area. 

Many agronomic species used in revegetation have been selected and bred for 
specific characteristics such as quick germination, competitiveness or high biomass 


production. Agronomic species are quicker to establish than native species (Naidu and 
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Harwood 1997, Pelech 1998). Does this ultimately result in a different plant community? 
Studies of the role of agronomic species on community development indicate a common 
problem: these species can dominate the community even 1f they constitute only a small 
portion of the seed mix (Depuit and Coenenberg 1979). If the objective of reclamation is 
to restore a native plant community, planting of non-native species to rapidly provide 
cover may not be conducive to re-establishment of native species (Munshower 1994). 
There 1s also concern that communities dominated by a few species are not stable in the 
long-term. 

Much work has been done on the number of species necessary to maintain a 
healthy ecosystem. The connection between ecosystem stability and biodiversity was 
first made by Elton (1958). He observed there was greater frequency of pest outbreaks in 
a monoculture cropland than the surrounding diverse grasslands. Since then, there has 
been debate on the issue. Mathematical modeling (May 1974) indicates the greater the 
number of species, the more complex the interactions and hence the greater chance of 
instability. As in any research, relating one study to real life is often difficult especially if 
it involves extrapolation of mathematical equations to ecologically-based events. Tilman 
et al. (1996) suggested biodiversity influences ecosystem productivity, sustainability and 
stability. Tilman and Downing (1994) found the effects of biodiversity level off at ten 
species, while others determined little is gained from more than five species in an 
agronomic plant community (Baskin 1994). 

If functional diversity is the key to ecosystem stability, the question in 
reclamation is how is that diversity achieved. In the past, the goal of revegetation was 
not long-term stability but short-term cover and erosion control. Success was 
establishment of any plant cover. Knowledge of ecosystems has changed revegetation 
goals; there is a desire not only to protect the soil, but to reclaim the disturbed area back 
to predisturbance vegetation. With these new objectives, came the demand for more 
native species to be planted. Unfortunately, seed for many native species was and still is 
commercially unavailable so seed choice has been extremely limited. 

There are important questions to be answered in determining the influence of seed 
mix on revegetation success. Grazing has long been known to alter species composition. 
When considering much of the revegetation efforts on rangelands, a question when 
designing seed mixes, is will cattle utilize the mixes differently? This is important to 
answer, especially when having to manage disturbed areas within larger rangelands. A 
broad question often asked is whether native species are better than non-native for 
reclamation. Of course, the idea of “better” depends upon what the end goal is. Another 


question, and one that is often the most difficult to answer with out long-term data, is 
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does seed mix alter the plant community in the long term. This study was of long-term 
(12 years) effects of seed mix, grazing and right-of-way (ROW) zones on revegetation of 


native rangeland in southeastern Alberta. 
2.0 OBJECTIVES 


The objective of the study was to determine if two seed mixes used in the Dry 
Mixed Grass Ecoregion had different success in long-term establishment of plant cover, 
reduction of weedy species and protection against soil erosion. Differences between seed 


mixes for animal utilization and biomass production were also assessed. 
3.0 MATERIALS AND METHODS 
3.1 History of the Project 


In 1986, a long-term project was initiated by NOVA Gas Transmission Ltd. to 
monitor revegetation of a pipeline ROW on native rangelands in southern Alberta. A 
natural gas pipeline lateral at Milo was studied at two sites (M1 and M2 on Figure A.1). 
The ROW was 18 m wide, with a 2 m wide trench. Pipe diameter was 40 cm. Ditchline 
stripping conserved topsoil, with the stripped topsoil stockpiled on the work side and the 
subsoil stockpiled on the spoil side of the ROW. The ROW was seeded in 1986 using a 
rangeland seed drill with a 15 cm spacing at a rate of approximately 8 kg ha’. High soil 
moisture and compaction caused poor penetration of the seed drills at the sites, 
consequently, they were seeded with two passes of the seed drill. The sites were seeded 
with either a grass-dominated native or dryland pasture mix (Table 4.1). At each site, 
0.50 ha exclosures were constructed after completion of seeding and prior to cattle 


grazing. 
3.2 Site Description 


The Milo lateral (SW 31-18-19-W4M to NE 13-16-17-W4M) is 39 km long and 
crosses the Dry Mixed Grass and Mixed Grass Ecoregions (Figure A.1). Sites M1 and 
M2 are located in the Dry Mixed Grass Ecoregion and are characterized by severe 
summer and winter temperatures and low precipitation (Table 2.2). Soils-ate 
predominately Brown Solods with occurrences of Brown Solodized Solonetz and 


Solonetzic Brown and Orthic Brown Chernozems. Alkaline soils are common, with 
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occurrences of saline soils. Soil organic matter ranges from 1.0 to 3.7%. Parent material 
is fine to coarse loamy till, moderately to well-drained. Range type is Stipa-Bouteloua 
(needle grass-grama grass). All plant names are according to Moss (1994) unless 
otherwise specified. Plant cover was visually estimated and summarized (Smith 1986). 
Complete species list and detailed site descriptions are available (Naeth et al. 1997) and 


summarized in Table A.1. 
3.3 Experimental Design 


Experimental design was a split-block, split-plot (Peterson 1994) with levels of 
ROW (work, trench, spoil) assigned to strips of plots running through the block in one 
direction. Levels of seed mix (native, non-native) are applied to strips of plots 
perpendicular to the ROW strips. The experimental unit of ROW by seed mix is then 
split into levels of grazing (grazed, ungrazed) (Figure A.3). Because the objective of the 
study was to determine differences in seed mix, only the seeded portion of the ROW was 
included for analysis, making it a 3 x 2 x 2 factorial experiment. Each plot was subjected 
to one of three ROW treatments, one of two seed mix treatments and one of two grazing 


treatments. 
3.4 Field Measurements 


Species composition was determined using permanent transects that were 
established in each treatment at the beginning of the study. From 1988 to 1991, 
vegetation, was assessed within 30 0.1 m? quadrats, using cover classes and their 
midpoints (Table 3.1). In 1998, ten of the original 30 were again assessed for % cover. 
Species in each quadrat were recorded in the field and sampling was done during the of 
the peak growing season. Ground cover was visually assessed in each treatment using 30 
0.1 m? quadrats from 1988 to 1991 and ten 0.1 m’ quadrats in 1998. Ground cover was 
divided into live plant (excluding little club moss), little club moss (Selaginella densa 
Rydb.), lichen, litter (including manure), bare ground and rocks. Detailed methods are 
given in Chapter 2, Sections 3.4.1 and 3.4.2 and Chapter 3, Section 3.2. 

In May 1998, eight grazing cages were set in grazed treatments in each ROW 
zone in each seed mix. Cages were approximately 70 cm high with a 0.6 m’ basal area. 
At the end of the grazing season, one 0.25 m’ sample was clipped inside each cage and 


two 0.25 m’* samples were clipped on an adjacent grazed area. Clipping height was 2.5 
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cm. Animal utilization was calculated as the difference between biomass inside and 


outside the cage. 
3.5 Statistical Analyses 


Analysis of variance (Table B.6) was used to assess differences between main 
effects for plant cover, ground cover, animal utilization and plant biomass. Categories 
tested for plant cover were: seeded species, native and non-native rhizomatous grass, total 
forbs, non-native forbs and annual forbs (Table D.1). If results from ANOVA indicated 
significant differences (P < 0.10) among main effects, Scheffe’s test for multiple 
comparisons determined specific treatment differences. SAS version 6.12 was used for 


all statistical analyses. 
4.0 RESULTS AND DISCUSSION 
4.1 Establishment of Seeded and Non-seeded Grasses 


The native mix was more successful than the dryland pasture mix at establishing 
seeded vegetation cover (Table 4.2). Dominant grasses that established in the native mix 
with approximately 98% of the total cover, were northern (Agropyron dasystachyum 
(Hook.) Scribn.) and western (Agropyron smithii Rydb.) wheat grass. While these two 
species were part of the native mix, it is improbable all their cover is due to the seed mix. 
Table 4.3 includes the combined cover of these two wheat grasses occurring in both seed 
mixes. Since western and northern wheat grass were growing in the dryland pasture mix 
treatments as well, where they were not seeded, the presence of these species is partly 
due to survival and establishment of propagules or species success at invading from 
adjacent undisturbed prairie. This documented success of native seeded species, even 
when taking into account residual propagules, is contrary to previous work (Redente et al. 
1984, Pelech 1998). Pelech found in the first two years after planting, non-native seed 
mixes were more successful at establishing cover than native seed mixes in the Aspen 
Parkland. The difference is likely a result of growing conditions and adaptability of 
species planted. In 1998, there was also a significant interaction between seed mix and 
grazing; not grazing the dryland pasture mix caused a significant increase in the cover of 
crested wheat grass (Agropyron pectiniforme R. & S.), a seeded species (Table 4.2). 

Grazing had a significant impact on development of non-native grasses included 


in the dryland pasture mix (Table 4.4). In the first four years, cover of non-native species 
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increased slowly whether grazed or ungrazed, but from 1991 to 1998 non-native species 
increased from 9 to 37% in ungrazed treatments. This increase in cover was strictly due 
to growth of crested wheat grass plants. Crested wheat grass is an agronomic species that 
can be invasive 1f not managed properly. It matures early and becomes coarse and 
unpalatable as it senesces. The leaves and stems have a high content of structural 
components. There was visual evidence of crested wheat grass invasion off the ROW 
and into native prairie. This is reflected in the significant seed mix by grazing 
interactions in 1990, 1991 and 1998. Interestingly, grazing decreased non-natives and 
appeared to inhibit their invasion into the native mix (Table 4.4). 

Recovery of native prairie depends on the plant community’s ability to inhibit 
invasion of undesirable species as well as allow immigration of desirable species. The 
native mix did not have a high number of non-native grasses, which indicates invasion of 
non-native grasses into native seeded areas is not a concern (Table D.2). As well, native 
grasses had high cover in both mixes indicating an equal ability of both mixes to have 
desirable species move into the community (Table D.2). While significant differences 
occurred between seed mixes in coverage of native and non-native grass, there was a 
significant interaction between seed mix and ROW (Table 4.5). Native grass remained 
low in the dryland pasture mix trench and only in year 12 was it beginning to approach 
values similar to spoil and work zones. Due to the severity of the disturbance on the 
trench, there were fewer surviving propagules there than on spoil or work zones forcing 
establishment from off site. Establishment of native grass on the trench was influenced 
by seed mix (Table 4.5). For non-native grasses, both mixes had similar cover on spoil 
and work from 1988 through to 1991 but by 1998 there were large differences. The 
dryland pasture mix trench had significantly higher cover of non-native grasses than 
either the spoil or work by 1991. By 1990, crested wheat grass had started to establish 
and by 1998 it composed almost 40% of the cover. The increase in crested wheat grass 
would have increased competition for other species, thus the inverse relationship between 
native and non-native species on native and dryland pasture mix trenches. 

Seeded wheat grasses did well; slender (Agropyron trachycaulum (Link) Malte), 
crested, northern and western wheat grasses all remained into year 12. They are large 
seeded species, which have higher survivability than small-seeded species. They can 
produce abundant seed, which can rejuvenate the stand. Performance of wheat grasses 
supports recent research in seed mix establishment (Bush 1998, Pelech 1997, Pitchford 
2000). Slender wheat grass, which is supposedly a short-lived species, still had 21% 
cover in the native trench 12 years after seeding. These results have been noted in other 


studies where grasses (creeping red fescue (Festuca rubra L), orchard grass (Dactylis 
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glomerata L) and timothy (Phleum pratense L)) that were thought to be short-lived due to 


environmental conditions were still present ten years after seeding (Lamb 1998). 
4.2 Continuance and Invasion of Weedy Species 


Seed mix did not significantly affect total, native, non-native, annual or perennial 
forb cover in the years measured (Table D.3). Results from this study support recent 
research indicating seed mix has no effect on the early plant community (Bush 1998, 
Howat 1998, Pitchford 2000). Forb cover was high at the beginning of the study, but 
declined steadily and by 1998, was near undisturbed levels. There were also significant 
interactions between seed mix and ROW that need to be considered in detail. 

Total forb cover was significantly higher on the dryland pasture mix trench than 
all other treatments prior to 1998 (Table 4.6). For both mixes, the trench started out with 
the highest forb cover, but by 1998 had the lowest cover. Often, large numbers of forbs 
are present in disturbed landscapes because of their efficiency in secondary succession. 
They can be more efficient than grasses in using environmental resources such as 
nutrients, water and sunlight. Many are not palatable giving them an advantage in grazed 
environments as well. The majority of forbs on the dryland pasture mix trench were non- 
native; in 1991 there was over 33% non-native forb cover (Table 4.6). The native mix 
trench had 17% non-native forbs. The dramatic increase in non-native forbs between 
1990 and 1991 was due to an increase in non-native annuals (blue bur (Lappula Moench) 
and lamb’s quarters (Chenopodium album L)) (Table 4.7). Annuals can grow and mature 
quickly. A well-timed rainfall can cause of flush of annuals because they can make up 
the majority of the seed bank species. June and July 1991 had normal precipitation 
amounts, but when and how this rain fell is unknown. One or two rainfall events can 
enhance annual forb growth. While annuals contributed substantially to cover in the first 
few years after disturbance, by 1998 they composed less than 1% to the total cover. 

Perennials dominated the forb component, contributing over 75% of the cover 
early in the study to nearly 100% by year 12 (Table D.3). Other research indicates 
annuals are often the first to establish after disturbance. Pasture sage (Artemisia frigida 
Willd.) was the dominant perennial in the first few years. Other pipeline work in the 
Mixed Grass Prairie listed pasture sage as an early dominant perennial (Naeth 1985). 

Initial establishment can play a role in plant community development. If certain 
species are aggressive early in the establishment period, they dominate the vegetation. 
Although they may not survive long-term, they may have eliminated other plants due to 


early competition. An example would be quick establishment of wild buckwheat 
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(Polygonum convolvulus L), a non-native weedy annual, that would inhibit growth of 
seeded species because of its mat-like growth (Bush 1998). By year two the buckwheat 
was gone, but seeded species that germinated in year one had died from lack of sunlight 
which could not make it through the thick, dense canopy. 

The seed bank played an important role in the establishment of non-native and 
annual species. Neither non-natives nor annuals were abundant in undisturbed prairie. 
Levassor et al. (1990) concluded the greatest seed diversity was found at intermediate 
levels of disturbance and that there was a dramatic decrease in seed diversity at high 
disturbance. Similarly, research on long-term, grazed fescue grassland showed a steady 
increase in seed bank seeds from ungrazed to heavily grazed (Willms and Quinton 1995). 
These authors also concluded from seed bank analysis that increasing grazing disturbance 
in Fescue Prairie will likely lead to a seral community dominated by annual forbs rather 
than a rough fescue dominated grassland. Successional work in Sweden found 100 years 
of primary succession was not long enough for exhaustion of early successional species 
from the seed bank (Grandin 1998). Flixweed (Descurainia sophia), a non-native annual, 
though not abundant in the undisturbed Mixed Grass Prairie, was ubiquitous in the seed 
bank (Naeth 1985). The probability of seed being carried to a particular spot on a 
disturbed site where the species micro and macro environmental requirements will be met 
is reduced as disturbance size and distance downwind from seed source increases 
(Munshower 1994). Species with light, highly mobile seeds often invade highly 
disturbed situations while species with large, heavy seeds often require animal 


dissemination and enter the ecosystem at a later stage of development. 


4.3 Ground Cover 


Seed mix did not affect ground cover (Table D.4). Bare ground decreased with 
time for both mixes. Dryland pasture mix spoil zones had significantly higher bare 
ground than other treatments in 1998 (Table 4.8). High bare ground was caused by 
scalping during construction and potential overuse by cattle. It was observed in 1998 that 
the cattle would spend much of their ruminating time on certain areas of the ROW and 
these areas were heavily trampled. Litter in both seed mixes increased with time. Cover 
of little club moss stayed low for the duration of the project. There was a significant 
interaction between seed mix and zone and seed mix and grazing, but high variability 
within treatments and low values make interpretation of the interactions difficult (Table 
4.9). Little club moss increases with grazing pressure, but over the 12-year-period of this 


study, that trend was not evident in either mix. In previous pipeline work, club moss was 
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still not present in appreciable amounts 25 years after pipeline construction (Naeth 1985). 


Conditions for re-establishment of little club moss are unknown. 
4.4 Animal Utilization and Biomass Production 


Seed mix did not significantly affect animal utilization or biomass (data not 
shown). Dryland pasture mix was 70% utilized, native mix 64% and adjoining 
undisturbed prairie 54%. Native seeded treatments had higher biomass (3241 kg ha’) 
than dryland pasture seeded treatments (2377 kg ha’) in the exclosures (12 years without 
grazing), but differences were non-significant due to high variability between replicates. 
Biomass production in adjacent undisturbed prairie was 1614 kg ha!. The reliability of 
these data is limited due to only having two replicates and high variability among 
treatments. Biomass in grazed treatments was 860 kg ha’ in native seeded and 839 kg 
ha’ in dryland pasture mix treatments. Even though utilization of the undisturbed prairie 
would be considered moderate at 54%, the production value ratio of grazed:ungrazed 
(860 and 839 kg: 1614 kg) would indicate that this range is in poor health and utilization 
may have been high in the past. As well, clipping height of 2.5 cm in the grazed 
treatments may have been too high. Blue grama grass, a common grass in the Dry Mixed 
Grass Prairie is a low growing plant and may not have included in the biomass. If this 
was the case, then the ratio of grazed:ungrazed would be higher and discrepancy between 
utilization and range health would not be as great. Biomass data were not available for 
years prior to 1998. Several researchers have concluded non-native species are 
advantaged in the first few years of establishment, but by the third or fourth year, there 
are no significant differences in biomass between non-native and native grasses (Doerr et 
al. 1983, Redente et al. 1984). Work done by Pelech (1998) in the Aspen Parkland found 
similar results; native species started out with lower productivity but by the second year 


there were no significant differences between native and non-native species. 


5.0 CONCLUSIONS 


. The native mix was more successful at establishing seeded vegetation cover than the 
dryland pasture mix. 

» Grazing had a significant impact on the survival of non-native grasses. 

- Seeded wheat grasses established easily and were the most productive grasses. 

. Seed mix did not significantly affect total, native, non-native, annual or perennial forb 


cover, but there were significant seed mix by ROW interactions. 
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¢ Total forb cover was significantly higher on the dryland pasture mix trench than all 


other treatments. 


e Perennials were the dominant forbs. 


« The seed bank appeared to played an important role in the establishment of non- 


native and annual species. 


« Seed mix did not affect ground cover. 


« Seed mix did not significantly affect animal utilization or biomass but this conclusion 


is questionable in terms of data reliability. 


Table 4.1 Native and dryland pasture mix used at Milo. 


Species 


Native Mix 


Agropyron dasystachyum 


Agropyron smithii 


Agropyron trachycaulum 


Poa compressa 
Puccinellia nuttalliana 


Dryland Pasture Mix 
Agropyron elongatum 
Agropyron pectiniforme 
Agropyron riparium 


Agropyron trachycaulum 
Agropyron trichophorum 


Elymus angustus 
Elymus junceus 
Astragalus cicer 
Medicago sativa 
Onobrychis viciaefolia 


Common Name 


Northern wheat grass 
Western wheat grass 
Slender wheat grass 
Canada bluegrass 
Alkali grass 


Tall wheat grass 
Crested wheat grass 
Streambank wheat grass 
Slender wheat grass 
Pubescent wheat grass 
Altai wild rye 

Russian wild rye 

Cicer milk vetch 
Alfalfa 

Sanfoin 


Variety 


Elbee 
Walsh 
Revenue 
Ruebens 
Nuttall’s 


Orbit 
Parkway 
Sodar 
Revenue 
Greenleaf 
Prairieland 
Swift 
Oxley 
Rambler 
Common 


% by Weight 
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Table 4.3. Percent cover of wheat grass’ at Milo from 1988 to 1998. 


Dryland 

Year Native Pasture 
1988 Mean Sheil 18.8 
SD 29.9 13.8 
1989! 34.4 23.2 
5.3 14.7 
1990 36.2 20.5 
14.6 15.3 
1991 48.9 Bi 
15.0 14.7 
19983 44.0 228 
23.5 20.0 


' Wheat grass only includes Agropyron smithii and A. dasystachyum. 


Table 4.4. Interaction of seed mix by grazing for percent cover of non-native grass at Milo from 1988 to 


199 3: 
Native Mix Dryland Pasture Mix 
Year Grazed Ungrazed Grazed Ungrazed P2F 
1988 Mean 0.0 0.0 0.0 0.0 0.4372 
SD 0.1 0.6 0.0 0.0 
1989 0.0 0.2 0.3 ile 0.3905 
0.0 0.2 0.5 Ik) 
1990 0.0 OZ 0.4 34 0.0007 
0.0 0.4 0.5 4.9 
151 0.0 0.5 9) Ba, 0.0750 
0.0 0.4 Poff 12.6 
1998 0.0 VA 3:2 37.0 0.0001 
0.0 DS Qe B1k2 
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V. SYNTHESIS 
1.0 SUMMARY OF RESEARCH IN THIS THESIS 


This research was undertaken to evaluate the influence of grazing, nght-of-way 
(ROW) zone and seed mix on long-term revegetation of disturbed native rangelands. It 
was established as a long-term study to evaluate the accumulative responses over a 


number of years. The following summary highlights the results from this research. 


Grazing Response 

« Grazing had little impact on development of the plant community. 

- Functional group response did not vary significantly with grazing. Certain plant 
variables showed a grazing effect in year 12, but effects were not consistent between 
laterals (e.g., locations). 

« Plant community diversity was not affected by grazing in year 12. 

- Grazing did affect changes in litter and bare ground over the 12 year period. 

- Grazing increased soil surface bulk density and cone index values on both laterals 


although the increases did not result in differences in plant density. 


Right-of-Way 

- Rhizomatous grasses did extremely well on both laterals and were most advantaged 
on the trench. 

- The greater the disturbance the fewer native tufted grasses. 

- The trench had high numbers of exotic and weedy species and could serve as an 
invasion corridor. 

. Highest overall diversity occurred on zones of intermediate disturbance, 1.e., the work 
and spoil. 

- Animal utilization was not affected by ROW zone. 


« Soil bulk density in year 12 was lowest on the trench and highest on the work zone. 


Seed Mix 

- The native seed mix was more successful at establishing and maintaining vegetation. 

« There was no significant difference between dryland pasture and native mixes in the 
amount of native species present. 

- Significant interactions occurred with seed mix and ROW for annual and exotic forbs. 


The dryland pasture mix trench treatment had the highest cover for both of these. 
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« Animal utilization was not affected by seed mix, but conclusions are based on a very 
limited data set. 


- Seed mix did not affect bare ground, litter or amount of little club moss present. 
2.0 PRACTICAL APPLICATIONS OF THE RESEARCH RESULTS 


The two laterals need to be managed differently. At Milo, non-native species are 
not a serious threat to native rangelands. Grazing did not help nor hinder invasion of 
non-native species. If non-native species are already present or seeded they could spread 
(as in the case of crested wheat grass at Milo). Grazing has been proposed as a means to 
control the invasion or spread of non-native species into native rangelands but this 
research did not support that claim. Considering that grazing was beneficial to certain 
native grasses, grazing should begin after pipeline construction in the Dry Mixed Grass 
Prairie. However, in more mesic environments such as the Porcupine Hills, exotic 
species are more prevalent and they increased with grazing, most notably exotic 
rhizomatous grasses. 

Caution is required in interpreting grazing results from this study. Timing of 
grazing varied among sites and even changed between years for individual sites. Because 
there were significant interactions between grazing and ROW, management decisions 
should not be based solely on grazing or ROW and each plant group would have to be 
assessed separately in the context of management priorities and objectives. 

Animals did not utilize one mix more than another. These results are not 
conclusive because of differences in grazing times between sites, duration of grazing and 
limited sample size. It would be inappropriate to make recommendations based solely on 
these results. 

Size of disturbance needs to be minimized. Zones of highest disturbance, the 
trench and work, had the highest number and sharpest increase of non-native species and 
the trench was always the least similar to the undisturbed prairie. When possible, 
minimize trench and work widths. 

Grazing exclusion is not necessary for soil protection, but caution is needed when 
determining grazing managment plans in Dry Mixed Grass where percent bare ground 
remained high after 12 years. 

Native rhizomatous wheat grasses already present on the ROW do not need to be 
seeded. Even the seeding of slender wheatgrass is not necessary if the area remains 
ungrazed; an annual cereal crop could be seeded to provide adequate short-term soil 


protection. If the area is to be grazed, slender wheat grass could be seeded to provide soil 
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protection. With grazing, this grass would not persist. Seeding crested wheat grass in the 


vicinity of any native prairie is not recommended, as it could mature and produce seed. 
3.0 FUTURE RESEARCH 


There are over 276,000 km of pipeline in this province, with no sign that 
development is decreasing. We know what the impacts are, but we do not know all the 
reasons why the plant communities respond the way they do to these impacts. Until we 
have a better understanding of ecological processes, plant community development is not 
predictable. In the interim, we must minimize disturbance whenever possible. 

The two laterals responded differently to treatments so more research is needed in 
these ecoregions and in others. We need to continue to monitor these sites to see whether 
revegetation is moving towards restoration of the native range. More conclusive results 
need to be gathered on animal preferences for different plants at a variety of times during 
the year. Some rangelands are grazed continuously over the season, while others are 
grazed at specific times. This study did not determine if animals preferentially graze the 
ROW, and that could be an important question to answer to better understand how the 
community is developing. 

We need to learn more about non-native species spread in the fescue grassland. 
Kentucky bluegrass, timothy and smooth brome are ubiquitous in some areas of this 
grassland. If we are to preserve what is left of this native prairie, we need to understand 
how these species respond to specific types of disturbance. It is not sufficient to say that 
it is an increaser or decreaser. Shifts in species composition also need to be considered at 
the community level. Our focus has to move away from the quadrat and into the 
landscape. 

More research needs to be done on natural recovery. When a disturbance is small, 
the native prairie may be able to restore itself. This research showed that there was ample 
propagule supply in the soil to establish vegetation on the ROW. 

As the use of native species becomes more prevalent, we need information on 
their growth and reproductive strategies. It is wrong to conclude that native species do 
not perform well. In this research, certain native species did exceptionally well, while 
others did not even germinate; was it the fault of the seed, timing of seeding, seeding 
method, or was it just a bad year? There are many questions that have not been answered 
about native species and to have successful reclamation of native rangelands, we need to 


find answer to these. 
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Right-of-Way Treatments 


Work Trench Spoil Undisturbed 


Grazed 


Ungrazed 


Figure A.2. Plot layout at Milo and Porcupine Hills 


Right-of-Way Treatments 


Work Trench — Spoil Undisturbed 


} Grazed 
Native Mix 
} Ungrazed 
} Ungrazed 
Dryland Pasture 
Mix 


} Grazed 


Figure A.3. Plot layout at Milo for seed mix treatments 
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STATISTICAL OVERVIEW 


Data Type 

Variables can be classified into two groups: continuous or discrete. If the variable 
can assume any numerical value over an interval or over different intervals, the variable 
is continuous. In contrast, a discrete variable is one whose possible values consist of 
breaks between successive values (Khazanie 1979). When a discrete variable can be 
assigned a large number of potential values, the discrete variable can be considered a 
continuous variable (Myers and Well 1995). For example, if the number of plants in a 
quadrat can be from 0 to 100, there is a large enough spread that the data could be 
considered continuous. This would not be the case if that range in values were from 0 to 
10. The way in which data can be related to each other is called measurements of scale 
(Jongman et al 1987). The most common scales are nominal, ordinal, interval and ratio. 
Nominal and ordinal scales are qualitative in nature; interval and ratio are quantitative. 
All data presented in this chapter is quantitative. The interval scale possesses a constant 
unit of measurement and differences between values can be compared. In the interval 
scale the position of the zero value is arbitrary. Ratio scale is the same as interval, but 
has a fixed zero point (Kent and Coker 1992). Table B.1 categorizes all the data 


presented in chapter 2. 


Distributions and Sampling 

Many statistical analyses of data require knowledge of how the data are 
distributed. From a known probability distribution of a test statistic it is possible to 
calculate the probability with which any value of the test statistic will occur. The normal 
distribution is a distribution for continuous variables; its major feature is that the relative 
frequency of observing a particular value is symmetric around the mean. The normal 
distribution is described by two parameters, the mean (1) and standard deviation (0). 
Approximately 67% of measured values should fall between p-o and pi+o and 95% of the 
values should fall between 1-20 and pp+2o (Jongman et al. 1987). An assumption of 
many statistical tests is that the data are normally distributed. 

To test for normality it is necessary to have an adequate sample size. In this 
experiment, the number of replicates per treatment was four. Four is not enough to 
measure normality. It is often necessary to assume normality when dealing with small 
sample size. In field-based experiments, time and monetary constraints often limit the 


number of replicates possible. Another concern is the inability to get an accurate 
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measurement for the sample. For example, in this study, to get an exact value for the 
vegetation parameters, the entire plot would have to be measured. Again, this is not 
possible for reasons listed earlier. Rather than sample the entire plot, subsamples are 
taken to get an accurate assessment of the treatment value. If subsampling procedures are 


correct, then mean values calculated from subsamples will be representative of the plot. 


Data Analyses 

For pipeline research where treatments are in strips, the split-block is a useful 
design for statistical analyses. Ideally, a separate randomization 1s used in each block. 
Due to the nature of pipeline construction, it was not possible to randomize the work, 
trench, spoil or undisturbed strips. Due to the inability to make these random and the size 
of each of the work, trench, spoil and undisturbed areas, the presence of one is not 
expected to influence the other (Blenis 1998). As complexity of design increases, so does 
the amount of restriction imposed on randomization of treatments. As randomization is 
restricted, degrees of freedom are lost from the experimental error. Unless the restriction 
reduces the error sum of squares (reduced variation among plots treated alike), the error 
mean square will increase; this results in a loss of precision for the experiment (Peterson 
1994). Split-block has the disadvantage of differential precision in estimating the 
interaction and main effects. Error used for analyzing grazing and ROW 1s grazing by 
block and ROW by block, respectively. The error term for the interaction is the residual 
error. Interactions are measured with greater precision than are main effects. Table B.2 
partitions sources of variation and degrees of freedom for this experiment. 

To have the correct model for analysis, it is necessary to determine which factors 
are random or fixed. A random factor is defined as one that was chosen from a number 
of possibilities. A fixed factor is not chosen from a number of possibilities. In this 
experiment, both grazing and ROW zone are fixed factors. Site, which is equivalent to 
block, 1s random. 

A measure of the degree to which the species compositions of quadrats or sample 
matches is alike is called a similarity index. Dunn and Everitt (1982) and Sneath and 
Sokal (1973) advise the most simple coefficient should be used since this will make 
interpretation of results much more easy. The Czekanowski coefficient is used widely on 
quantitative data and is considered the most useful similarity coefficient (Kent and Coker 
1992). It takes into account presence or absence and differences in abundance of 
common species. Shannon diversity index makes two assumptions: 1) individuals are 


randomly sampled from an infinitely large population and 2) all species from a 
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community are included in the sample (Kent and Coker 1992). The index is made up of 


two components, species richness and relative abundance of species. 


Table B.1. Data type and classification for data presented in Chapter 2. 


Data Variable Data 
Species density Discrete Ratio 
Species cover Continuous Ratio 
Ground cover Continuous Ratio 
Productivity Continuous Ratio 
Litter Continuous Ratio 
Animal utilization Continuous Ratio 
Soil moisture/density Continuous Ratio 
Penetration resistance Continuous Ratio 
Soil particle size Continuous Ratio 
Soil pH Continuous Interval 
Dome Continuous Ratio 


Soil total carbon Continuous Ratio 


Table B.2. Sources of variation and degrees of freedom for data presented in Chapter 2. 


Source of Variation Degrees of Freedom (df = n-1) 
Site’ 3=4-1 

Grazing (A) 1 =2-1 

Site* Grazing (error a) 3 = (4-1)(2-1) 

RoW (B) 3 =4-1 

Site*RoW (error b) 9 = (4-1)(4-1) 

Grazing*RoW (A*B) 3 = (2-1)(4-1) 

Residual error (error c) 9 = (4-1)(2-1)(4-1) 

Total 31 =(4*2*4)-1 


ee 


' Site is equivalent to block. 
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Table B.3. Model statement for statistical analysis in Chapter 2. 


Xijk = Wt Bi + oj + BO)i + Ye + (ByYik + (AY)jx + Eijx 
Where: 
Xjjx = observation 
Lt = population mean 
B; = block, 1= 1-4, 
Oj = grazing, j = 1-2, 
(8a);; = block by grazing interaction, error term for grazing, 
¥x = ROW, k = 1-4, 
(By)ik = block by ROW interaction, error term for ROW, 
(cy), = grazing by ROW interaction, 


€ij<1 = residual error, error term for grazing by ROW 


Table B.4. Determination of similarity index (Sc) using Czekanowski coefficient. 


m . 
SC = pi? jie CORY s) 
j= 


m m 
PERG 2G 
1=1 1=1 


I 


where X; and Yj the abundance of species i (measured as % cover), 


m 

HOS ges) = sum of lesser scores of species 1 where it occurs in both 
i=1 quadrats 

m = number of species 


ee 
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Table B.S. Determination of Shannon diversity index. 


Diversity H’ 


where s 


Pi 


S 
2» pi In pi 
1=1 


the number of species 


proportion of individuals or the abundance (measured as % cover) of 


the i” species expressed as a proportion of total % cover 


In 


= log base, (log) was used for all diversity calculations) 


Table B.6. Sources of variation and degrees of freedom for comparison of seed mix 
treatments at sites M1 and M2, Milo for Chapter 4. 


Source of Variation 


Site’ 

RoW 

Site*RoW (error a) 

Seed Mix 

Site*Seed Mix (error b) 
RoW*Seed Mix 
Site*RoW*Seed Mix (error c) 
Grazing 

Grazing*Seed Mix 
Grazing*RoW 
Grazing*RoW*Seed Mix 
Residual (error d) 

Total 


' Site is equivalent to block. 


= 
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De 
l= 
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1 

1 
1)(3-1) 

1 

(2-1)(2-1) 

(3-1)(2-1) 

(2-1)(3-1)(2-1) 

2-1 

(2-1)(2-1) 

(2-1)(3-1) 

(2-1)3-1)2-1) 


2- 
3- 
eC 
2- 


23 =(2*3*2*2)-1 
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Table D.1. Species contained within each category/functional group. Not all species were found in all 


treatments 


Scientific Name 


Native Rhizomatous Grasses 
Agropyron albicans 
Agropyron dasystachyum 
Agropyron smithii 
Calamagrostis montanensis 
Hierochloe odorata 


Muhlenbergia richardsonis 


Native Tufted Grasses 
Agropyron trachycaulum var. glaucum 
Agropyron spicatum 
Agropyron trachycaulum var. unilaterale 
Agropyron trachycaulum 
Agrostis scabra 

Bouteloua gracilis 
Calamagrostis purpurascens 
Calamagrostis rubescens 
Danthonia californica 
Danthonia parryi 
Deschampsia cespitosa 
Elymus innovatus 

Festuca campestris 
Festuca idahoensis 
Helictotrichon hookeri 
Hordeum jubatum 
Koeleria macrantha 

Poa alpina 

Poa canbyi 

Poa interior 

Poa juncifolia 

Poa sandbergii 

Puccinellia nuttalliana 
Schedonnardus paniculatus 
Schizachne pupurascens 
Stipa columbiana 

Stipa comata 

Stipa curtiseta 

Stipa richardsonii 

Stipa spartea 

Stipa viridula 


Common Name 


Awned northern wheat grass 
Northern wheat grass 
Western wheat grass 

Plains reed grass 

Sweet grass 

Mat muhly 


Bluebunch wheat grass 
Awned wheat grass 
Slender wheat grass 
Hair grass, tickle grass 
Blue grama 

Purple reed grass 

Pine grass 

Intermediate oat grass 
Parry oat grass 

Tufted hair grass 

Hairy wild rye 
Foothills rough fescue 
Bluebunch fescue 
Hooker's oat grass 
Foxtail barley 

June grass 

Alpine bluegrass 
Canby bluegrass 

Wood bluegrass 

Alkah bluegrass 
Sandberg bluegrass 
Nuttall's alkali grass 
Tumble grass 

False melic 

Columbia needle grass 
Needle and thread grass 
Western porcupine grass 
Richardson needle grass 
Porcupine grass 


Green needle grass 


Stipa viridula EES eee 
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Non-native Rhizomatous Grasses 


Bromus inermis 
Bromus pumpellianus 
Festuca rubra 

Poa compressa 


Poa pratensis 


Non-native Tufted Grasses 


Agropyron pectiniforme 
Bromus carinatus 
Dactylis glomerata 
Elymus junceus 
Festuca ovina 

Phleum pratense 


Poa cusickii 


Sedges and Sedge-like 
Carex atrosquama 
Carex filifolia 
Carex obtusata 
Carex pensylvanica 
Carex praticola 
Carex rossii 

Carex scirpoidea 
Carex siccata 
Carex stenophylla 
Eleocharis sp. 


Juncus balticus 


Native Perennial Forbs 
Achillea millefolium 
Agoseris glauca 

Allium cernuum 
Anemone canadensis 
Anemone cylindrica 
Anemone multifida 
Anemone patens 
Antennaria aprica 
Antennaria neglecta 
Antennaria nitida 
Antennaria parvifolia 
Antennaria pulcherrima 


Antennaria rosea 


Smooth brome 
Northern awnless brome 
Creeping red fescue 
Canada bluegrass 


Kentucky bluegrass 


Crested wheat grass 
Mountain brome 
Orchard grass 
Russian wild rye 
Sheep fescue 
Timothy 


Cusick bluegrass 


Thread leaf sedge 
Blunt sedge 


Sun loving sedge 


Ross's sedge 
Rush-like sedge 
Hay sedge 

Low sedge 
Spike rush 


Wire rush 


Yarrow 

False dandelion 
Nodding onion 
Canada anemone 
Long-fruited anemone 
Cut-leaved anemone 
Prairie crocus 
Pussy-toes 
Pussy-toes 
Pussy-toes 
Pussy-toes 

Showy everlasting 


Pussy toes 
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Native Perennial Forbs (continued) 


Aquilegia sp. 

Arabis drummondit 
Arabis sp. 

Arnica sp. 

Artemisia campestris 
Artemisia frigida 
Artemisia ludoviciana 
Aster ascendens 

Aster ciliolatus 

Aster conspicuus 

Aster ericoides 

Aster falcatus 

Aster laevis 

Astragalus flexuosus 
Astragalus missouriensis 
Astragalus pectinatus 
Balsamorhiza sagittata 
Campanula rotundifolia 
Castilleja miniata 
Cerastium arvense 
Cirsium flodmanni 
Cirsium undulatum 
Comandra umbellata 
Coryphantha vivipara 
Delphinium glaucum 
Epilobium angustifolium 
Erigeron caespitosus 
Erigeron glabellus 
Erysimum inconspicuum 
Fragaria virginiana 
Gaillardia aristata 
Galium boreale 

Gaura coccinea 
Geranium richardsonii 
Geranium viscosissimum 
Geum aleppicum 

Geum macrophyllum 
Geum triflorum 
Grindelia squarrosa 
Gutierrezia sarothrae 


Hackelia americana 


Columbine 

Rock cress 

Rock cress 

Arnica 

Sage 

Fringed sage, pasture sagewort 
Prairie sagewort 
Western aster 

Lindley's aster 

Showy aster 

Tufted white prairie aster 
Creeping white prairie aster 
Smooth aster 

Slender milk vetch 
Missouri milk vetch 
Narrow-leaved milk vetch 
Arrow-leaf balsam-root 
Harebell, bluebell 
Common red paint-brush 
Mouse-ear chickweed 
Flodman's thistle 

Thistle 

Bastard toadflax 

Ball cactus 

Tall larkspur 

Fireweed 

Fleabane 

Fleabane 

Small flowered rocket 
Wild strawberry 
Gaillardia 

Northern bedstraw 
Scarlet butterfly-weed 
Geranium 

Sticky purple geranium 
Yellow avens 

Yellow avens 

Old man’s whiskers, three-flowered avens 
Gumweed 

Broom snake-weed 
Stick-seed 


Hackeliaamericana 
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Native Perennial Forbs (continued) 
Hackelia sp. 
Hedysarum alpinum 
Hedysarum sulphurescens 
Heterotheca villosa 
Heuchera sp. 
Hieracium umbellatum 
Lathyrus ochroleucus 
Lathyrus venosus 
Liatris punctata 

Linum lewisti 
Lithospermum ruderale 
Lomatium triternatum 
Lupinus sericeus 
Lygodesmia juncea 
Minuartia rubella 
Monarda fistulosa 
Opuntia polyacantha 
Oxytropis cusickii 
Oxytropis deflexa 
Oxytropis monticola 
Oxytropis splendens 
Penstemon confertus 
Penstemon nitidus 
Penstemon procerus 
Perideridia gairdneri 
Phlox hoodii 
Polygonum bistortoides 
Potentilla arguta 
Potentilla gracilis 
Potentilla hippiana 
Potentilla pensylvanica 
Ranunculus cardiophyllus 
Rhinanthus minor 
Rumex triangulivalis 
Senecio canus 

Senecio pauperculus 
Senecio sp. 

Silene parryi 
Sisymbrium altissimum 
Sisyrinchium montanum 


Smilacina stellata 


Stick-seed 

Alpine sweet broom 
Yellow sweet broom 
Hairy golden aster 
Alum-root 
Narrow-leaved hawkweed 
Yellow pea vine 

Purple pea vine 

Blazing star 

Wild blue flax 

Puccoon 

Prairie parsley 

Perennial lupine 
Skeleton-weed 

Sandwort 

Wild bergamot, horse mint 
Prickly pear cactus 
Alpine loco-weed 
Reflexed loco-weed 

Late yellow loco-weed 
Showy loco-weed 

Yellow beard-tongue 
Smooth blue beard-tongue 
Slender blue beard-tongue 
Squaw-root, yampa 
Hood's phlox, moss phlox 
Bistort 

White cinquefoil 
Graceful cinquefoil 
Cinquefoil 

Cinquefoil 

Heart-leaved buttercup 
Yellow rattle 
Narrow-leaved dock 
Prairie groundsel 
Ragwort 

Ragwort 

Catchfly, campion 
Tumbling mustard 


Blue-eyed grass 


Star-flowered Solomon's-seal 
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Native Perennial Forbs (continued) 


Solidago canadensis 
Solidago missouriensis 
Solidago spathulata 
Solidago sp. 
Sphaeralcea coccinea 
Thalictrum venulosum 
Thermopsis rhombifolia 
Urtica dioica 

Vicia americana 

Viola adunca 

Viola sp. 

Zigadenus elegans 
Zigadenus venenosus 


Zizia aptera 


Native Annual Forbs 
Amaranthus albus 
Androsace septentrionalis 
Descurainia richardsonii 
Draba nemorosa 
Equisetum laevigatum 
Gentianella amarella 
Lappula occidentalis 
Lepidium sp. 

Monolepis nuttalliana 
Orthocarpus luteus 
Polygonum douglasti 
Potentilla norvegica 
Potentilla rivularis 


Solanum triflorum 


Non-native Perennial Forbs 


Artemisia absinthium 
Astragalus cicer 
Cirsium arvense 
Medicago sativa 
Plantago sp. 
Taraxacum officinale 
Tragopogon pratensis 
Trifolium hybridum 


Trifolium pratense 


Canada goldenrod 
Missouri goldenrod 
Goldenrod 
Goldenrod 

Scarlet mallow 
Veiny meadow rue 
Golden bean 
Stinging nettle 
Wild vetch 

Early blue velvet 
Violet 

White camus 
Death camas 


Meadow parsnip 


Tumbleweed 

Fairy candelabra 

Grey tansy mustard 
Yellow whitlow-grass 
Horsetail 

Felwort 

Blue bur 

Peppergrass 
Spear-leaved goosefoot 
Owl-clover 
Knotweed, smartweed 
Rough cinquefoil 
Cinquefoil 

Wild tomato 


Absinthe, wormwood 
Cicer mild vetch 
Canada thistle 
Alfalfa 

Plantain 

Common dandelion 
Goat's-beard 

Alsike clover 


Red clover 
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Non-native Perennial Forbs (continued) 


Trifolium repens 
Soncus sp. 


Silene pratensis 


Non-native Annual Forbs 
Capsella bursa-pastoris 
Chenopodium album 
Cirsium vulgare 
Cynoglossum officinale 
Descurainia sophia 
Lappula squarrosa 
Medicago lupulina 
Melilotus sp. 
Polygonum aviculare 
Salsola kali 


Thlaspi arvense 


Native Legumes 
Astragalus flexuosus 
Astragalus missouriensis 
Astragalus pectinatus 
Astragalus sp. 
Hedysarum alpinum 
Hedysarum sulphurescens 
Lathyrus ochroleucus 
Lathyrus venosus 
Lupinus sericeus 
Oxytropis campestris 
Oxytropis deflexa 
Oxytropis monticola 
Oxytropis splendens 
Thermopsis rhombifolia 
Vicia americana 


Vicia sparsifolia 


Non-native Legumes 
Medicago lupulina 
Melilotus sp. 
Astragalus cicer 
Medicago sativa 
Trifolium hybridum 


Trifolium pratense 


White clover 
Sow thistle 
White cockle 


Shepherd's purse 
Lamb's-quarters 
Bull thistle 
Hound's-tongue 
Flixweed, tansy mustard 
Blue bur 

Black medick 
Sweet clover 
Common knotweed 
Russian thistle 
Stinkweed 


Slender milk vetch 
Missouri milk vetch 
Narrow-leaved milk vetch 
Milk vetch 

Alpine sweet broom 
Yellow sweet broom 
Yellow pea vine 
Purple pea vine 
Perennial lupine 
Alpine loco-weed 
Reflexed loco-weed 
Late yellow loco-weed 
Showy loco-weed 
Golden bean 

Wild vetch 

Wild vetch 


Black medick 
Sweet clover 
Cicer mild vetch 
Alfalfa 

Alsike clover 


Red clover 


116 


Lara Wl A Mites | 


Ww 
a i 
hae > hal 


coal) or 


4, é 4s tore, ¢ 


a7 ia sale un 


lpepeatit 


wee rt , gens 
° ays e you) 
eee FA 
( 
v' we an | 


hy ” Ae ius ‘ia 


4 j é 
ri 
Ue nd 
an | 
Maahh 
em Giul/ 


Rss 


a 


Non-native Legumes (continued) 


Trifolium repens 


Shrubs and Trees 
Amelanchier alnifolia 
Arctostaphylos uva-ursi 
Artemisia cana 
Atriplex nuttallii 
Betula glandualosa 
Elaeagnus commutata 
Eurotia lanata 
Haplopappus spinulosus 
Juniperus horizontalis 
Picea glauca 

Populus tremuloides 
Potentilla fruticosa 
Ribes oxycanthoides 
Rosa acicularis 

Rosa arkansana 

Rosa woodsii 

Rubus idaeus 

Salix bebbiana 

Salix pseudomonticola 
Salix sp. 

Shepherdia canadensis 
Symphoricarpos albus 


Symphoricarpos occidentalis 


White/Dutch clover 


Saskatoon 

Common bearberry, kinnikinnick 
Sagebrush 

Salt sage 

Bog birch, dwarf birch 
Silver-berry, wolf willow 
Winter fat 

Spiny iron plant 
Creeping juniper 

White spruce 

Trembling aspen 
Shrubby cinquefoil 

Wild gooseberry 

Prickly rose 

Prairie rose 

Common wild rose 

Wild red raspberry 
Beaked legume 


Willow 

Canadian buffalo-berry 
Snowberry 

Buckbrush, Wolfberry 
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